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Resume 
La teledetection et la securite, deux termes nonnalement dissocies, se retrouvent reunies avec 
la creation du reseau Global Monitoring for Security and Stability (GMOSS), dont le mandat 
est de developper de nouvelles methodes d'analyse de la securite des populations par 
l'utilisation de l'imagerie satellitaire. Cette etude met l'accent sur l'aspect de la securite, 
pertinent au risque de la population, en se concentrant sur la caracterisation des zones 
vulnerables aux conflits. Une serie temporelle d'images issues des capteurs Landsat (de 1987 
a 2001) et du capteur SRTM est utilisee pour cette etude sur un site au nord de l'lrak. 
Les questions de securite impliquent 1'exposition a des evenements aleatoires, difficiles a 
prevoir, appeles evenements perturbateurs. La premiere etape de notre strategic de prevision 
est de caracteriser la region d'etude afm de comprendre quels types d'evenements 
perturbateurs y ont pris place et dans certains cas, persistants et de determiner l'evenement 
perturbateur principal s'appliquant a cette region. Le conflit arme est l'evenement 
perturbateur sur lequel se penche cette these. 
Les donnees de terrain, disponibles pour le site d'etude sur le theme du conflit, ont ensuite ete 
analysees afm de determiner les liens entre les indicateurs geographiques et les zones 
vulnerables. Ces indicateurs sont aussi couples avec les recensements de populations pour 
creer une « carte de risques », c'est-a-dire une matrice desagregee des zones les plus a risque 
pendant les situations de conflit. Les resultats demontrent que le facteur de risque general 
pour une population en zone de conflit provient de la combinaison de trois indicateurs 
complexes : la densite de population, l'accessibilite aux services et la diversite economique. 
Ces trois indicateurs peuvent etre derives des images Landsat et SRTM a partir de l'utilisation 
d'un modele que nous avons developpe et applique sur un site d'etude en Irak pour une etude 
temporelle. Les sorties sont trois matrices formees de pixels de 90x90m decrivant, a 1'echelle 
du pixel, le niveau de risque dans la region et cela pour chacune des dates etudiees. Les 
changements observes au nord de l'lrak resultent des campagnes conflictuelles armees 
connues sous le nom d'Anfal. 
Nos resultats prouvent que l'imagerie satellitaire peut etre utilisee avec succes pour produire 
des indicateurs de la vulnerabilite, en permettant de caracteriser une region avec un minimum 
de traitements. Meme si la methode proposee ne remplace pas l'exactitude des donnees de 
terrain, elle reste une alternative interessante en l'absence habituelle de donnees locales. Notre 
methode de cartographie de la vulnerabilite procure a l'utilisateur un point de depart pour 
comprendre quelles zones sont les plus a risque dans une region. Enfm, les cartes resultantes 
de notre methode peuvent etre couplees avec des donnees a sources ouvertes telles que la 
discrimination politique ou culturelle, l'economie ou encore les pratiques agricoles, dans 
l'optique de produire une amelioration supplemental de la carte de risque. 
Mots-cles 
Indicateurs de risque, Landsat, SRTM, GMOSS, conflits arm.es, vulnerabilite de la population, 
segmentation, densite de population, classification floue, corrections atmospheriques 
Abstract 
Remote sensing and security, terms which are not usually associated, have found a common 
platform this decade with the conjuring of the GMOSS network {Global Monitoring for 
Security and Stability), whose mandate is to discover new applications for satellite-derived 
imagery to security issues. This study focuses on human security, concentrating on the 
characterisation of vulnerable areas to conflict. A time-series of satellite imagery taken from 
Landsat sensors from 1987 to 2001 and the SRTM mission imagery are used for this purpose 
over a site in northern Iraq. 
Human security issues include the exposure to any type of hazard. The region of study is first 
characterised in order to understand which hazards are and were present in the past for the 
region of study. The principal hazard for the region of study is armed conflict and the relative 
field data was analysed to determine the links between geographical indicators and vulnerable 
areas. This is done through historical research and the study of open-sourced information 
about disease outbreaks; the movements of refugees and the internally displaced; and 
humanitarian aid and security issues. These open sources offer information which are not 
always consistent, objective, or normalized and are therefore difficult to quantify. A method 
for the rapid mapping and graphing and subsequent analysis of the situation in a region where 
limited information is available is developed. 
This information is coupled with population numbers to create a "risk map": A disaggregated 
matrix of areas most at risk during conflict situations. The results show that describing the 
risk factor for a population to the hazard conflict depends on three complex indicators: 
Population density, remoteness and economic diversity. 
Each of these complex indicators is then derived from Landsat and SRTM imagery and a 
satellite-driven model is formulated. This model based on satellite imagery is applied to the 
study site for a temporal study. The output are three 90 m x 90 m resolution grids which 
describe, at a pixel level, the risk level within the region for each of the dates studies, and the 
changes which occur in northern Iraq as the result of the Anfal Campaigns. 
Results show that satellite imagery, with a minimum of processing, can yield indicators for 
characterising risk in a region. Although by no means a replacement for field data, this 
technological source, in the absence of local knowledge, can provide users with a starting 
point in understanding which areas are most at risk within a region. If this data is coupled 
with open sourced information such as political and cultural discrimination, economy and 
agricultural practices, a fairly accurate risk map can be generated in the absence of field data. 
Keywords 
SRTM, Landsat, risk indicators, Iraq, conflict, population vulnerability, segmentation, land-
use, fuzzy-classification, atmospheric corrections 
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1 
Chapitre 1. Motivation 
1.1 Contexte du projet 
L'efficacite de l'aide humanitaire pour privilegier les individus a risque depend non 
seulement de la faisabilite a definir ce groupe, mais aussi du cout associe a cette 
identification. Selon Global Humanitarian Assistance (GHA, 2003), l'argent depense pour 
l'aide humanitaire n'est pas toujours destine aux regions qui en ont le plus besoin. Les 
rapports sur le sujet suggerent que c'est le manque d'information qui cause une incoherence 
entre les besoins et le montant alloue pour les crises pour lesquelles l'aide humanitaire est 
necessaire (Greikspoor et al., 1999 ; Darcy & Hoffman, 2003; Frankish, 2003). A cause du 
manque d'une gamme d'indicateurs de risque fiables, nous pouvons suggerer que c'est 
l'influence du media (Olsen et al. 2002) ainsi que les priorites politiques, la facilite logistique 
d'apporter l'aide humanitaire, ou encore l'interet public (GHA, 2003) qui sont les facteurs 
ayant une influence sur les decisions des donateurs. Ceci met le doigt sur l'absence d'une 
source d'informations fiable et peu couteuse, capable d'indiquer facilement le niveau de 
risque de la population lors d'une crise. 
Les travaux courants sur 1'extraction des indicateurs de risque sont surtout axes sur le travail 
de terrain. Ces donnees sont precises et done generalement de bonne qualite, mais elles sont 
couteuses a recolter et surtout compliquees a maintenir. A cause de cette dependance aux 
donnees de terrain et du fait de leur absence pour les pays les plus a risque, les intervenants 
sont souvent obliges de travailler avec des donnees globales, des donnees extrapolees ou 
encore avec des indicateurs inferes afin de faire une estimation de la situation. Ces 
estimations peuvent etre contre-productives pour la communaute internationale puisqu'elles 
engendrent le risque que les populations les plus necessiteuses ne soient pas adequatement 
aidees (WFP, 2001). 
Les discussions sur le sujet de l'aide humanitaire sortent maintenant des frontieres des 
domaines qui y sont classiquement associes. Actuellement, le secteur des sciences et des 
technologies est sollicite activement (Wackernagel et Yount, 1998 ; Lambin et al, 2001; 
Schiller et al, 2001; RASSP, 2003 ; Turner et al. 2003). Depuis les annees 1970, les outils 
2 
d'observation de la Terre et les systemes d'informations geographiques (SIG), integralement 
referes comme la geomatique, sont utilises pour des applications variees et liees a la gestion 
des ressources naturelles, allant de sa planification jusqu'a sa surveillance (Scholten et 
Stillwell, 1990). La geomatique est un outil particulierement adapte pour contribuer a la 
detection de problemes qui echappent aux simples analyses qualitatives. L'interet croissant 
dans le domaine des sciences humaines pour la visualisation spatiale de donnees plutot 
d'aspect sociologiques et economiques ainsi que lews interactions, a ouvert les portes a de 
nouvelles applications de la geomatique (Bigman et Fofack, 2000). Malgre tout, encore 
recemment, l'utilisation de la geomatique c'est surtout focalisee sur la logistique, voir la 
reaction post-evenement; la geomatique, dans ces cas, consistait surtout dans le 
developpement des SIG. Depuis la deuxieme partie des annees 1990, les organismes d'aide 
humanitaire utilisent les SIG a des fins logistiques (WHO, 2000 ; Smith, 2001; WFP, 2002) et 
pour la surveillance de degats pendant les crises (DMA-IPSC, 2003). Certains organismes se 
servent de la geomatique pour l'estimation du risque selon leurs propres definitions et dans 
leurs secteurs specifiques (FAO, 2000; Ebener, 2001; WFP, 2001; Shyamsundar, 2002; 
Wehelie, 2004). Autrement dit, et du point de vue des intervenants Europeens decrit dans la 
figure 1.1.1, les SIG ont ete principalement utilises dans les phases de reaction rapide (rapid 
response). 
ECHO 
early 
warnina j # 
Relex 
rapid 
response 
AIDCO 
Dev 
Figure 1.1.1 Les phases des intervenants Europeens lors d'une crise (tiree de Schneiderbauer et 
Ehrlich, 2004) 
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L'information derivee de l'imagerie satellitaire est plus rarement appliquee aux domaines des 
sciences humaines. Elle peut seulement etre utile lorsque les indicateurs de risque sont 
identifies et sont lies a des facteurs environnementaux, caracteristiques visibles depuis 
l'espace. Selon Oliver-Smith (dans Bankoff et ah, 2004), le concept de risque lie les forces 
sociales externes avec le rapport de la population a son environnement. Ceci implique qu'a 
l'occurrence d'un evenement perturbateur, non seulement les effets directs sont visibles sur le 
paysage, mais les effets indirects, resultant des changements dans le mode de vie des 
habitants, sont aussi visibles. Ainsi les indicateurs environnementaux, mesurables a 
differentes echelles spatiales, peuvent etre utilises comme intrants a une methode d'estimation 
de la vulnerabilite. Selon Bigman et Fofack (2000), l'identification des facteurs spatiaux et 
environnementaux affectant la qualite de vie des habitants d'une communaute permet le 
ciblage geographique du risque. Le climat, la distance et l'acces ont ete identifies par ces 
auteurs comme etant les trois elements principaux lies aux risques, peu importe le type 
d'evenement perturbateur. 
GMOSS {Global Monitoring for Security and Stability) a ete cree pour promouvoir les 
applications des donnees d'observation de la Terre aux questions liees a la securite des 
populations. GMOSS consiste en un reseau scientifique de plus de vingt-cinq organisations 
dans le secteur prive et public. Le but de ce reseau est d'integrer la capacite de 1'imagerie 
satellitaire dans la recherche pour la securite civile en lancant aux experts en teledetection les 
defis suivants : (1) amelioration des techniques d'interpretations, surtout sur le plan de 
l'automatisation des traitements d'images pour l'utilisation par des non-experts; 
(2) innovation dans la surveillance de la dynamique des populations ; (3) elaboration des 
methodes de suivi efficace des frontieres ; et enfin (4) evaluation rapide des degats post-
evenementiels. 
Cette these s'insere dans les objectifs de GMOSS en cherchant a caracteriser le niveau de 
risque de la population dans une region. Cette caracterisation implique l'identification des 
evenements perturbateurs que subit cette population et amene la quantification du niveau de 
vulnerabilite de la population ainsi qu'une mesure de sa densite. Ces valeurs peuvent d'une 
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part aider a determiner quelles populations sont les plus a risque par rapport a un evenement 
donne, et d'autre part, contribuent aussi a evaluer le niveau d'aide humanitaire necessaire. 
1.2 Objectifs du doctorat 
Cette these vise a demontrer l'utilite des outils d'observation de la Terre pour mieux cibler 
l'aide humanitaire, ceci en formulant une methodologie pour la desagregation du facteur de 
risque pour un evenement perturbateur donne sur une region. L'objectif global de cette etude 
est d'evaluer la possibilite d'estimer les changements du niveau de risque s'appliquant a la 
population au nord de l'lrak en observant les changements des indicateurs issus d'images 
satellitaires, des medias et de sources disponibles au grand publique, et pour ainsi presenter 
une alternative aux informations traditionnelles des donnees de terrain a la communaute 
d'aide humanitaire. Cette etude vise a ponderer le degre de risque de la population sur un 
plan geographique avec l'utilisation exclusive des outils geomatiques. Un tel outil 
augmenterait l'efficacite et la precision avec lesquelles les interventions seront effectuees. 
Dans le contexte du diagramme des intervenants Europeens (figure 1.1.1), ce type de 
recherche contribue a deux stages d'intervention lors d'un desastre : le stage du preavis (early 
warning) et la reaction rapide (rapid response). 
Un premier travail de decorticage et d'eclaircissement sur les definitions et les concepts lies 
au risque a mene au choix du site d'etude et a la definition d'une serie d'objectifs specifiques. 
Le premier objectif specifique etait de caracteriser le contexte historique et la situation 
actuelle dans la region d'etude, ceci avec le developpement d'une approche methodologique 
pour la quantification des donnees qualitatives, dispersees et non structurees. Le resultat de ce 
travail est la publication d'un premier article contribuant a cet objectif specifique et qui 
s'intitule Standardising and mapping open-source information for crisis regions : the case of 
post-conflict Iraq (dans Disasters, 2005, 29(3): 237-254). Cet objectif fait l'objet du chapitre 
2 de cette these. Le deuxieme objectif specifique etait de developper une methode pour 
1'organisation et 1'analyse de la vaste gamme de donnees de terrain liees au conflit afin de 
discerner celles le mieux adaptees a la recherche utilisant les images satellitaires pour en 
deriver des indicateurs de risque. Le troisieme objectif specifique etait de modeliser les 
indicateurs derives de l'imagerie satellitaire pour creer une carte representant les risques pour 
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le site d'etude, et d'appliquer la technique sur plusieurs dates d'imagerie satellitaires 
correspondant a des annees importantes dans l'histoire du pays. Ces deux objectifs 
techniques sont centraux a la recherche menee dans these et sont le sujet principal d'un 
deuxieme article intitule Identifying conflict risk indicators using Earth observation derived 
data, d'abord soumis a V InternationalJournal of Remote Sensing en novembre, 2007 puis re-
soumis en juillet 2008 avec revisions. Enfin, puisque la population est centrale a la question 
de risque, un dernier objectif specifique a ete de developper une methodologie pour 
cartographier la population des regions rurales de notre site d'etude en Irak en recherchant 
une tres bonne precision. La realisation de cette etape a donne suite au troisieme article 
faisant partie integrate de cette these : Settlement location and population density estimation 
in rugged terrain using information derived from Landsat ETM and SRTM data, article publie 
dans le InternationalJournal of Remote Sensing en mars 2008 (IJRS 29(8): 2339-2357). 
1.3 L'approche strategique du doctorat 
Puisque la guerre avec l'lrak etait imminente en 2002, annee de demarrage de cette recherche, 
ce pays a ete choisi comme site d'etude. Les donnees satellitaires et de terrain promettaient 
d'etre abondantes, permettant une approche a la recherche axee sur la problematique plutot 
qu'une approche menee par la disponibilite des donnees. En mettant 1'accent sur la recherche 
dont l'objectif principal qui etait de proposer des alternatives «teledetectees » pour mieux 
cibler l'aide humanitaire, nous avons d'abord tente de comprendre comment les decisions et 
les actions sont actuellement prises dans le domaine de l'aide humanitaire. Notre recherche a 
ete structuree selon trois questions de base qui guident le ciblage de la population a risque sur 
le plan geographique lors d'une crise (adaptee de WFP-VAM, 2001) : 
1. Pourquoi sont-ils vulnerables ? 
2. Ou sont les zones les plus a risque ? 
3. Qui est vulnerable ? 
4. Quelles donnees manquent ? 
La premiere question est fondamentalement synonyme avec 1'identification de la 
problematique, autrement dit, avec l'evenement perturbateur predominant le site d'etude. 
Plusieurs problematiques etaient possibles pour cette etude sur l'lrak. Un choix base sur 
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1'analyse des resultats d'une methode developpee dans le cadre de ce projet a ete fait entre les 
elements perturbateurs potentiels suivants : La migration des personnes refugiees et des 
personnes deplacees a l'interieur du pays ; L'apparition de maladies ; La presence de groupes 
d'aide humanitaire avec le detail de leurs projets ; et enfin, les entraves repertoriees a la 
securite conflictuelle. La methode pour la quantification des evenements publies de 
differentes sources, souvent de caractere qualitatif, est detaillee dans le Chapitre 3. Le facteur 
majeur causant les perturbations nationales principales en Irak ces dernieres annees est 
l'eclosion de conflits armes. Une etude a ete entreprise sur l'histoire et la composition 
ethnique du pays ainsi que sur 1'implication politique de cette complexity ethnique en lien 
avec le gouvernement au pouvoir durant les trois decennies precedant 2003 (date de 
declanchement de la seconde guerre du golf). Par cette etude nous avons pu identifier les 
zones les plus frequemment touchees par les conflits, et nous permettant une etude temporelle. 
La region du nord du pays a ete choisie comme etant la plus adequate pour une etude 
approfondie. Le choix de cette region a permis de selectionner des donnees de travail adaptees 
et disponibles, concernant l'imagerie satellitaire et les donnees de terrain. 
L'etape suivante etait d'entreprendre une serie de pretraitements sur ces donnees, comprenant 
un nettoyage et une classification des donnees de terrain ; une correction atmospherique et 
topographique pour chacune des images, ainsi que la creation de couches d'intrants 
necessaires pour la classification par caracteristiques des segments generes sur plusieurs 
couches d'intrants a diverses echelles spatiales. 
La preparation des donnees completee a permis de repondre a la deuxieme question posee par 
les experts pourvoyeurs d'aide humanitaire : Ou sont les zones les plus a risque ? 
L'evaluation du risque, par rapport a l'evenement perturbateur principal a l'echelle du pixel, 
rentre dans le repertoire de nos objectifs principaux et est presente dans toutes les parties de 
cette these, en particulier dans le Chapitre 3. Nous avons done voulu adresser d'une maniere 
predominante cette deuxieme question en appliquant les methodes liees a la teledetection pour 
se doter d'indicateurs spatiaux pouvant decrire le risque relatif a la population d'une region. 
Pour ce faire, les facteurs contribuant au risque selon la distribution des ressources naturelles 
dans la zone affectee devaient etre identifies. Ceci nous a naturellement amene a la troisieme 
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question: Qui est vulnerable ? Pouvoir repondre a cette question signifiait pouvoir 
apprehender la notion de vulnerabilite comme facteur contribuant au risque (voir § 1.2) et qui 
est le plus difficilement definie. L'identification des groupes vulnerables peut supposer une 
discrimination liee a certains groupes ethniques ou encore sociaux, impliquant souvent une 
raison economique. Cette differentiation des « poches » de vulnerabilite sur une echelle 
regionale procure une information sur l'etendue du probleme. Une description des facteurs 
lies a la vulnerabilite de la population est discutee. Cette question a pu etre repondue d'un 
point de vue cartographique en dechiffrant les donnees de terrain pour y extraire celles les 
plus significativement liees a la vulnerabilite. Les indicateurs pour la vulnerabilite de la 
population derives des donnees de terrain furent identifies et le modele pour decrire le risque 
sur le territoire d'etude a ete developpe. Les details de l'analyse des donnees de terrain sont 
dans le §3.1.3. 
Une fois que les indicateurs de risque etaient clairement definis grace a l'analyse de la verite 
de terrain, nous avons pu transferer les resultats vers un deuxieme modele base sur les 
donnees satellitaires. Ceci a impose un retour a la deuxieme question pour l'identification 
spatiale des zones a risque, mais avec ces nouvelles donnees. Calibre et valide, ce modele a 
ensuite ete applique a une serie temporelle d'images de teledetection sur le meme territoire. 
Cette procedure comprend l'analyse continuelle des donnees disponibles. Le choix des 
donnees d'intrants, influence par leurs niveaux de qualite, determine l'approche 
methodologique definitive. 
La figure 1.2.1 resume l'approche methodologique de la these et la question a laquelle 
chacune des phases methodologiques tente de repondre. 
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Figure 1.2.1 Un resume de I'approche methodologique de la these, base sur les quatre questions 
posees lors de I'implementation de I'aide humanitaire apres une crise. 
1.4 Concepts et definitions 
Les definitions liees aux concepts abordes dans cette these sont clarifiees dans ce chapitre. 
Parmi les concepts centraux a cette etude notons ceux du risque, de la vulnerabilite et de 
l'evenement perturbateur. 
1.4.1 Le risque 
Selon Peduzzi et al. (2002), un risque existe lors qu'il y a un interaction entre la population et 
le potentiel d'occurrence d'un evenement perturbateur. Ces deux facteurs, population et 
evenement perturbateur, y sont done centrales. Le risque lui meme est manifeste comme etant 
les pertes ou consequences de l'evenement qui y sont associes a la population. La 
quantification des dommages peut done etre associe au niveau du risque (De Leon, 2006). 
Pour ce projet, la definition generale du risque tiree de Schneiderbauer et Ehrlich (2004) est 
appropriee : 
(le risque est) la probabilite de consequences dommageables ou de pertes, 
resultant d'un evenement perturbateur a une population donne qui est en peril ou 
en danger, pour une periode specifique dans le temps. 
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devaluation du risque s'appliquant a une population lors d'un desastre est formalisee dans 
cette equation de Schneiderbauer et Ehrlich (2004): 
R a z=H a z*E a*V a z (eq. 1.1.1) 
Ou 
R = risque 
H = evenement perturbateur 
E = exposition (nombre de personnes dans la zone concernee) 
V = vulnerabilite 
a = region geographique 
z= type d'evenement perturbateur 
Le risque, selon l'equation 1.1.1, est nul si au moins un des facteurs est nul. Une discussion 
elaboree du risque est dans le §3.1.1.1. 
1.4.2 La vulnerabilite 
Cette variable est particulierement difficile a quantifier puisque, selon Cicone et al. (2003), la 
vulnerabilite est le degre de « souffrance» d'une population soumise a un evenement 
perturbateur. II peut y avoir plusieurs niveaux de vulnerabilite pour un seul type d'evenement 
perturbateur. Selon Hilhorst et Bankoff (dans Bankoff et al., 2004), il y a deux niveaux de 
vulnerabilite pour les personnes. Le premier niveau est lie a la disponibilite des ressources et 
amene les concepts tels que la pauvrete, la marginalisation et la disponibilite en ressources 
naturelles. En lien avec ce niveau, notre etude vise a comprendre quels elements, lies a la 
disponibilite et a la distribution des ressources, peuvent etre associes a une mesure de 
vulnerabilite de la population et, parmi ceux-ci, quels peuvent etre mesures avec des outils 
d'observation de la Terre. 
Le deuxieme niveau, selon ces memes auteurs, est moins tangible et plus complexe puisqu'il 
touche les concepts de diversite des risques a differentes echelles spatiales et temporelles. En 
d'autres mots, le niveau de vulnerabilite de la population change selon revolution de la 
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situation et selon l'echelle avec laquelle on regarde les evenements. Cet aspect de variability 
spatiale et temporelle est associe, dans nos travaux, aux evenements perturbateurs plutot que 
de traiter de facon independante les composantes de la vulnerabilite. Selon ce point de vue, la 
vulnerabilite des populations varie selon la diversite des risques, il n'est pas envisageable de 
modeliser la vulnerabilite de facon generale mais plutot de rester centre sur les evenements et 
les risques tangibles qu'ils impliquent. Notre etude met done l'accent sur le fait que le niveau 
de vulnerabilite est resultat d'un seul evenement perturbateur. En outre, nous assumons 
l'hypothese de travail que le niveau de vulnerabilite varie selon les risques deja subis par la 
population et qu'il est done cumulatif. 
L'evaluation de la vulnerabilite d'une population implique une contrainte importante presque 
toujours presente : il y a generalement peu de donnees la ou il y a le plus grand besoin de 
comprendre l'etat de vulnerabilite de la population. Souvent les chercheurs, les organismes 
d'aide humanitaire et les donateurs doivent se fier a des donnees globales d'un contexte 
social; a des donnees extrapolees dans le temps ou bien ils doivent simplement discerner la 
situation sur le terrain. Les donnees de terrain liees a la demographie sont done tres 
importantes (Comfort, 1993). Certaines categories de personnes au sein des menages sont 
plus vulnerables, en particulier les personnes agees, les enfants, les femmes et les malades. 
Savoir ou ces groupes sont concentres est une information precieuse, et difficilement 
relevable par des sondages ou par rinformation locale informelle. La methode presentee dans 
ce projet encourage la « de-regionalisation » de l'indice de vulnerabilite en assignant un taux 
de vulnerabilite par pixel sur une matrice. 
La vulnerabilite de la population aux conflits, comme tout autre type de vulnerabilite aux 
facteurs de nature anthropique, requiere une consideration des facteurs sociologiques pour sa 
modelisation et sa cartographie. La pauvrete, notamment, est un des facteurs sociologiques 
les plus importants. On definie la pauvrete comme rinsuffisance de revenus pour acquerir un 
niveau minimum d'un ou de plusieurs besoins de base comme la nourriture, l'education, 
l'abri, les vetements, les soins sanitaires etc. (WFP-VAM, 2001). Ce parametre n'est pas 
systematiquement lie a la vulnerabilite. Souvent les plus pauvres sont les plus vulnerables, 
mais l'inverse peut aussi etre vrai. II reste que e'est un indicateur important de la 
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vulnerabilite mais qui est difficilement quantifiable a partir de donnees satellitaires. Nous 
avons tenu compte de ce parametre dans 1'etude dans le volet de traitement des donnees de 
terrain. 
1.4.3 [.'exposition 
Le deuxieme facteur de l'equation de risque est l'exposition, dans ce cas, le nombre 
d'habitants. L'information demographique est typiquement disponible a travers les sondages. 
Cependant, cette information n'est pas toujours ni partout disponible pour la region d'etude et 
est invariablement delimitee par les frontieres administratives. Un effort a ete porte pour 
estimer la population a l'aide d'indicateurs, ceci dans le but d'attribuer d'une densite de 
population par pixel pour une region. Ceci permet l'estimation de la population totale pour 
une region independamment des frontieres administratives. Deichmann et Eklundh (1991) 
sont les pionniers de cette approche basee sur les indicateurs geographiques, ils ont developpe 
une methode qui deviendra la base du Gridded Population of the World 
(http://sedac.ciesin.org/plue/gpw). C'est avec Dobson et al. (2000) qu'une base de donnees 
basee sur l'occupation du sol derivee de capteurs a basse et a moyenne resolution a ete creee. 
D'autres auteurs ont aussi suivi la methode de Dobson pour estimer la population pour des 
regions de diverses tailles (Gallego, 2001 ; Schneiderbauer & Ehrlich, 2004 ; Tatem et al, 
2004; Tian et al, 2005). Une adaptation de cette methode est mise au point pour l'estimation 
du nombre d'habitants dans cette region d'etude fortement accidentee et rurale. 
1.4.4 L'evenement perturbateur 
Selon les Nations Unies (UN/ISDR, 2004), le risque est directement dependant d'un 
evenement perturbateur, dont l'effet est variable selon le niveau de la vulnerabilite de la 
population de la region affectee : 
.. un evenement, un phenomene et/ou une activite humaine potentiellement 
dommageables et pouvant causer des pertes en vie, en biens, ou des dommages 
sociaux ou economiques ou encore une degradation environnementale. Les 
evenements perturbateurs peuvent etre simples, en sequence, ou bien combines 
dans leurs origines et effets. (adapte de UN/DSR, 2004) 
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Les caracteristiques d'un evenement perturbateur telles que la duree, l'extension 
geographique, sa dispersion spatiale et sa magnitude, affectent le niveau de risque. Les 
evenements perturbateurs englobent ceux qui sont involontaires, tels que les tremblements de 
terre, et ceux qui sont considered comme volontaires, par exemple, les actes de terrorisme. 
Pour conclure une etude de risque, il faut connaitre la nature de 1'evenement. Ceci est surtout 
vrai dans le cas ou la mise en place des donnees de terrain, utilisees pour la validation du 
projet, est determinee par le type d'evenement perturbateur. Par exemple, un evenement lie 
aux eclosions de maladies necessite des donnees de terrain concernant la sante de la 
population. Dans un meme temps, un evenement cause par un desastre naturel necessite des 
donnees de terrain liees a ce type de desastre. 
1.4.5 Le conflit 
Le conflit est l'evenement perturbateur le plus pertinent pour les habitants sur le site d'etude. 
Nous le definissons ici pour clarifier ce concept important. Selon Starr et Siversen (1998), un 
conflit est « une violence soutenue et combattue par les forces organisees sous la tutelle 
d'autorites gouvernementales ou non-gouvernementales ». Wallensteen et Sollenburg (1998) 
definissent un conflit comme etant «...une incompatibilite, concernant un gouvernement 
et/ou un territoire, entre au moins deux parties parmi lesquelles I'une est le gouvernement de 
I'etat et utilisant la force armee ». Le projet KOSIMO (Pfetch et Rohloff, 2000), leader de la 
recherche dans ce secteur, definit le conflit comme etant: 
« ... I'enchevetrement d'interets autour de valeurs et de notions, entre au moins 
deux parties, dont I 'une est I 'etat organise. Le conflit doit etre d 'une certaine 
duree et magnitude. L 'intensite s 'etend du 'conflit latent' a la 'crise non-violente', 
jusqu'd la 'crise violente', puis la 'guerre'. Les actions communes peuvent 
inclurent les negociations, les decisions autoritaires, les menaces, les pressions, le 
retrait actif ou passif ou I'utilisation de violences physiques. » (adapte de Kosimo : 
Pfetch et Rohloff, 2000) 
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Quelques variations de ces definitions font la difference entre les conflits mineurs et majeurs 
en utilisant le nombre de pertes humaines comme indicateur : un conflit est considere 
« mineur » s'il y a moins de 25 morts lies au combat par annee ; « modere » s'il y a plus de 25 
morts au combat mais moins de 1000 par annee ; et « majeur » s'il y a plus de 1000 morts dus 
au conflit par annee, on parle alors de « guerre » (PRIO/Uppsala Armed Conflict Database, 
http://new.prio.no/CSCW-Datasets/Data-on-Armed-Conflict/UppsalaPRIO-Armed-Conflicts-
Dataset/). 
Selon les experts cites ci-dessus, ce sont les caracteristiques suivantes qui influencent le 
niveau de risque pour la population par rapport au conflit: la caracteristique de l'assaut 
(soudain ou lent), la duree du conflit et le ciblage politique. La « securite conflictuelle », 
terme repris plusieurs fois dans cette these, implique un evenement qui a lieu dans le contexte 
du conflit selon les definitions citees. 
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Chapitre 2. Survol historique de Nrak 
L'Irak n'est pas etranger aux conflits. C'est en 1990, avec l'invasion du Kowei't, que les yeux 
du monde se tournent vers ce pays. La periode immediatement apres la premiere Guerre du 
Golfe en 1991, incitee par cette invasion du Kowei't, etait particulierement troublee. Cette 
annee, peu apres l'expulsion des troupes irakiennes hors du Kowei't, deux soulevements ont eu 
lieu simultanement dans les regions resistantes a la partie Baas, parti socialiste fonde en 1947 
et arrive au pouvoir en Irak en 1968 : celui des Chiites au sud du pays et celui des Kurdes au 
nord du pays. C'est alors que la communaute internationale commenca a comprendre la 
gravite du mecontentement de certains groupes ethno-religieux particuliers envers le 
gouvernement du pays. 
Des frontieres concretes entre les territoires ethno-religieux existent en Irak, bien qu'ils ne 
soient pas lies aux divisions administratives. La decomposition des groupes ethniques en 
pourcentage approximatif est donnee dans la figure 2.0.1. De plus, le territoire irakien se 
divise en zones dominees par tribus (voir annexe A). 
• Sunnite 
(Kurdes,
 m Chretiens et 
Arabes et Yezidis : 3% 
Turkmenes): w^m 
Figure 2.0.1 Decomposition des groupes ethniques de I'lrak (selon le Norwegian Refugee Council, 
2004). 
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La discrimination du gouvernement irakien de l'epoque a pousse la population a se deplacer 
hors des limites de son territoire traditionnel soit par obligation du gouvernement, soit afin 
d'eviter de subir une discrimination de masse. Le tableau 2.0.1 donne les chiffres recueillis 
entre 1992 et 2001 par les pays d'asiles au sujet des refugies Irakiens. Avec un survol de 
l'histoire du pays, on constate que ces chiffres lient les annees pour lesquelles il y a eu des 
deplacements massifs avec des conflits armes. 
Tableau 2.0.1 Les pays d'asile de choix des Irakiens entre 1992 et 2001 en milliers de personnes 
(Rapport global de PAgence des Nations Unies pour les Refugies, 2003). 
Pays d'asile 
Australie 
Canada 
Danemark 
Iran 
Kowe'it 
Pays Bas 
Norvege 
Arabie saoudite 
Suede 
Syrie 
Turquie 
Grande Bretagne 
Etas Unis 
1992 
-
-
2,9 
1 250,1 
19,9 
1,8 
-
27,7 
14,4 
5,4 
11,4 
2,8 
4,7 
1994 
-
-
4,7 
645,0 
20,0 
2,9 
-
24,0 
16,8 
45,5 
4,9 
4,1 
9,4 
1994 
-
6,7 
4,4 
614,0 
20,0 
5,5 
-
18,0 
18,5 
46,4 
2,7 
4,6 
14,4 
7995 
-
7,4 
5,4 
595,5 
1,7 
8,7 
-
14,0 
19,5 
44,9 
4,4 
4,2 
18,0 
J996 
-
8,2 
5,9 
579,2 
2,0 
14,0 
-
9,7 
20,2 
26,8 
4,0 
4,7 
20,6 
1997 
-
8,0 
7,0 
570,8 
1,6 
18,4 
1,6 
5,7 
21,4 
21,1 
0,7 
5,1 
25,4 
1998 
-
6,6 
8,4 
540,6 
1,7 
24,4 
2,4 
5,4 
22,6 
19,4 
1,0 
6,0 
22,4 
7999 
8,8 
6,0 
10,5 
510,0 
1,8 
24,9 
4,8 
5,4 
24,6 
4,4 
0,6 
6,4 
19,4 
2000 
9,8 
5,8 
11,8 
486,0 
1,2 
25,4 
8,1 
5,2 
25,6 
1,8 
0,6 
9,5 
19,4 
2001 
10,0 
6,0 
12,6 
486,0 
0,4 
26,1 
8,2 
5,1 
25,9 
1,7 
0,6 
12,0 
19,1 
Plus de 1,2 millions d'Irakiens ont cherche asile en Iran et pres de 500 000 s'enfuirent en 
Turquie - dont seulement 200 000 obtinrent le permis d'entrer (Izady 1992, p70). II est 
estime qu'un total de 1,1 million de ces Irakiens etait encore deplace de leurs domiciles en 
2004 (Norwegian Refugee Council, 2004). Par contre, la majorite des deplacements n'ont pas 
eu lieu a travers la frontiere internationale du en grande partie a trois conditions : (i) le refus 
des pays avoisinants d'accueillir les Irakiens en fuite, (ii) l'existence de frontieres ethniques et 
(iii) la campagne d'Arabisation a l'initiative de Saddam Hussein, president du pays a 
l'epoque, forcant les membres d'ethnies minoritaires a demenager dans des centres d'accueils. 
Ces conditions se sont appliquees surtout aux populations du nord de l'lrak. Notamment, les 
campagnes d'Arabisation ont ete responsables du deplacement de plusieurs centaines de 
milliers de Kurdes de leurs villages entre 1970 et 2000. II est estime qu'entre 1991 et 2000, 
environ 94 000 Kurdes ont ete deplacees de leurs foyers et remplacees par des families arabes 
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provenant du centre et du sud du pays. Ces nouvelles families etaient attirees pour les terres et 
les maisons gratuites promises par le gouvernement irakien de l'epoque (Norwegian Refugee 
Council, 2004). Comme represents dans la figure 2.0.2, la majorite de la population fuyant 
leurs villages et qui n'ont pas franchi la frontiere internationale ont cherche refuge dans les 
villes capitales de leurs gouvernorats : Mosul, Dahuk, Erbil, Sulaymaniyah ou Kirkuk. Un 
petit pourcentage s'est deplace vers le centre et le sud du pays. 
Le Nord de I'lrak 
Figure 2.0.2 Mouvements de population du nord de I'lrak a I'interieur du pays (UNOPS, 2003) 
Le nord du pays est compose des gouvernorats de Dahuk, Erbil et Sulaymaniyah et comprend 
une population mixte d'Arabes, de minorites ethniques telles que les Turkmenes et Assyriens, 
mais est dominee par une presence kurde. 
Les Kurdes ont une histoire complexe qui est decrite en detail par plusieurs auteurs (par 
exemple : Kinnane, 1963; Arfa, 1966; Chaliand et al., 1978). Apres la chute de l'empire 
Ottoman, la population kurde s'est retrouvee divisee par des frontieres politiques tout a fait 
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nouvelles, incitant de nombreuses tentatives pour l'independance (Kinnane, 1963). 
Actuellement, le peuple Kurde est compose d'environ 30 millions de personnes (Gresh et al, 
2006a) vivant principalement dans quatre pays : L'Iran, l'lrak, la Syrie et la Turquie (figure 
2.0.3). 
Figure 2.0.3 Region kurde du Moyen Orient (source : HIC Irak, ONU) identifiee en rose sur la carte. 
Plusieurs oeuvres litteraires sur l'etat economique de la region Kurde du pays et d'autres sur la 
qualite de vie en Irak avant que le regime du Baas de Saddam Hussein ne prenne pouvoir en 
1968 ont ete publies (World Bank, 1952; Alnasrawi, 1967; Central Bureau of Statistics, 
1968). Sous le regime Baas d'Irak, les Kurdes ont vecu la confiscation de leurs terres, des 
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attaques militaires causant l'evacuation complete de villages et le piegeage des champs 
d'agriculture et des forets avec des mines anti-personnelles. Ce projet se concentre sur un 
conflit en particulier afin de cibler le site d'etude : La campagne Anfal. 
La Campagne Anfal a cause la destruction de la majorite des villages kurdes et turkmenes en 
1988 et plusieurs villages kurdes proches de la frontiere Irakienne ont ete evacues pendant les 
annees 1990 (Gresh et al, 2006b). Deux principaux partis gouvernaient la partie autonome du 
nord de l'lrak a l'epoque: L'Union patriotique du Kurdistan (UPK) et le Parti democratique 
du Kurdistan (PDK). Le fief de l'UPK de Jalal Talibani se situait dans les montagnes de la 
province de Sulaymaniyah, au sud du territoire kurde. Cette collectivite, estimee a 10 000 
hommes, a ete fondee en 1975 (International Crisis Group, 2002). Les ressources du groupe 
etaient situees en predominance dans la Vallee Jafati. La vallee est protegee par des 
montagnes hautes et proches du barrage Dukan, source d'electricite pour les villes de Kirkuk 
et Sulaymaniyah. Cette zone etait, depuis 1985, sujette a des bombardements systematiques 
et quasi quotidiens et d'un blocus (bien qu'inefficace) economique. Le 8 juin 1987, les 
premiers bombardements chimiques ont eu lieu sur la region. Les trois villages touches en 
premiers etaient Bergalou, Haladin et Sekaniyan. Plusieurs attaques suivirent, atteignant une 
apogee en fevrier 1988 avec les bombardements particulierement agressifs sur Yakhsamar, 
Sergalou et Bergalou, suivis par l'attaque sur la trentaine de villages disperses dans la vallee 
(figure 2.0.4). C'est cette derniere serie de bombardements qui instaure le debut de la 
campagne Anfal decretee par le gouvernement central. 
Les temoins expliquent que c'est grace aux abris naturels, offerts par la vegetation dense et les 
cavernes des proches montagnes, que les populations survivantes ont pu echapper a ces 
attaques. Les moins fortunes qui ont ete exposes aux produits chimiques des bombardements 
moururent apres quelques heures (HRW, 2003). Selon l'organisation Norvegien Human 
Rights Watch (HRW), l'armee Irakienne ne put empecher la fuite des victimes vers Iran par la 
voie de Test de la vallee puisque ce terrain, aux montagnes couronnees de neige, etait 
difficilement accessible. Ces conditions de fuites difficiles ont augmente le nombre de 
victimes parmi les populations en exil. Les survivants qui reussirent a arriver jusqu'a la 
frontiere Iranienne trouverent refuge dans des tentes offertes par les Kurdes d'Iran. L'episode 
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le plus devastateur, et par consequent le plus tristement connu, fut l'attaque sur Halabja, une 
ville d'environ 60 000 habitants a la frontiere Iranienne. Cette ville fut bombardee le 16 mars 
1988 avec des bombes au napalm ou au phosphore. Tous les survivants de cette attaque 
furent contraints a la fuite. La ville fut ensuite rasee par des bulldozers et a l'aide de 
dynamite. Ce premier Anfal se termina le 19 mars 1988 avec une derniere serie de 
bombardements sur Sergalou et Bergalou. Notons que la ville de Quala Dizeh (70 000 
habitants), indiquee dans la figure 2.0.4, a Test du lac Dukan, a ete detruite par la suite au 
mois dejuin 1989. 
First Anfal: 23 February -19 March 19JH3 
Figure 2.0.4 Bombardements de la premiere phase de la campagne Anfal dans la Vallee de Jafati 
(source : Human Rights Watch). 
II y a eu six phases d'attaques sur differentes regions du nord de l'lrak entre la premiere et la 
derniere phase de la Campagne Anfal. Nous ne traitons que de la premiere et de la derniere 
dans cette these a cause de la disponibilite en donnees d'imagerie satellitaire. 
Le « dernier Anfal » a eu lieu entre le 25 aout et le 6 septembre 1988. Cette fois-ci, alors que 
PUPK de Jalal Talibani etait pratiquement aneanti, l'armee Irakienne visait le PDK de 
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Massoud Barzani. Le PDK, une organisation de 30 000 a 50 000 hommes, a ete fonde en 1936 
(International Crisis Group, 2002). La premiere cible fut une ville frontiere avec la Turquie : 
Zewa Shkan. Selon HRW (2003), la plupart des deces dans ce cas etaient dus a 1'exposition 
au froid et a des conditions de survie difficiles dans les semaines suivant l'attaque. Beaucoup 
moururent dans les montagnes en cherchant refuge. Dans les jours suivants, plusieurs villages 
ont ete touches par des bombes chimiques, suivi par des attaques de l'armee de terre, surtout 
sur les routes en direction de la frontiere turque, empechant ainsi la fuite des Irakiens. Les 
attaques les plus intensives de cette phase de la Campagne Anfal ont eu lieu le long de la 
Montagne Gara. Des attaques ont ete perpetrees sur cette crete, visant le village de Sarseng et 
15 a 30 autres villages s'etalant sur une ligne d'environs 30 km vers Test (figure 2.0.5). La 
majorite des deces etait du a la deshydratation puisque les sources d'eau se trouvaient dans la 
vallee qui etait sous controle de l'armee. 
Final Anfal: 25 August - 6 September 1988 
Figure 2.0.5 Bombardements chimiques de la phase finale de la Campagne Anfal (source: Human 
Rights Watch). 
D'autres atrocites encore qui ne sont pas citees dans cette these ont pris place pendant et 
meme apres la fin officielle des Campagnes Anfal. On retiendra toutefois des centres de 
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detention surpeuples, des cas d'executions de masse et des disparitions nombreuses. II 
n'existe toujours pas de nombres officiels, ni meme informels des pertes en vies humaines 
causees par ces evenements puisque les gens ont ete deplaces, assassinees, peut-etre morts 
durant leur fuite et enterres sur place. Toutefois, les estimations globales suggerent une 
fourchette entre 50 000 et 182 000 morts (Human Rights Watch, 2003). II est reconnu par 
contre, que seulement quelques centaines de villages sont restes intacts apres les Anfals, on 
parle de 673 villages sur les 3722 existants avant les attaques. Parmi ces villages rescapes 
deux tiers sont situes pres des villes de Erbil, Makhmour et Aqra - villes exclus de la 
Campagne (Human Rights Watch 2003). 
L'exploitation agricole etait interdite jusqu'en avril 1989, ce qui amena un changement 
important de l'utilisation du sol. De plus, la presence de nombreuses mines anti-personnelles, 
dispersees sur un territoire de 470 km dans les trois gouvernorats au nord du pays, a 
contribue au ralentissement de la reconstruction apres les campagnes Anfal. 
Le parti Baas a garde le controle sur la region jusqu'en mars 1991, lorsqu'il eut un 
soulevement du peuple. Les Gardes Republicaines ayant ecrase les efforts des Chiites en 
1991, elles se sont ensuite deplacees au nord du pays. En cette meme annee, les Americains 
creerent une zone d'exclusion aerienne (no fly zone), aussi connue comme «la Ligne Verte », 
permettant un certain niveau d'autonomie et d'isolement du reste de l'lrak. Apres 1991, les 
Kurdes vivant au nord de la Ligne Verte, sous protection assuree par la communaute 
internationale, ont vu leur economie se stabiliser contrairement au reste du pays. Notons le 
fait que cette zone divisait arbitrairement le nord du sud avec une ligne longitudinale bien 
qu'il soit connu que la zone occupee par les Kurdes ne suive pas du tout cette ligne, mais 
tranche plutot le nord du pays en une direction diagonale vers le sud-est en partant du nord-
ouest. La protection assuree par la communaute Internationale a permis a plusieurs ONG et 
aux Nations Unies un acces sur le territoire. 
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2.1 Situation en Irak apres la 2eme guerre du Golfe 
La situation en Irak apres la guerre du Golfe de 2003 a pu etre bien documentee ; la chute de 
Saddam Hussein a rendu le pays plus accessible aux journalistes etrangers et aux 
organisations d'aide humanitaire, alors meme que la stabilite ne soit pas amelioree. Cette 
ouverture a procure une nouvelle mise a niveau pour la disponibilite des donnees de terrain. 
L'instabilite minant le pays par contre, a eu un effet sur la consistance des rapports. Cette 
premiere partie de la these vise a normaliser les donnees des sources informatives situees sur 
le terrain. 
Les rapports sur les foyers de maladies ont d'abord ete consultes afin de comprendre la 
situation sanitaire recente du pays. Les eclosions de maladies presentaient un probleme 
significatif du point de vue de la securite de la population, ce probleme a ete une 
preoccupation majeure pour l'Organisation mondiale de la sante (OMS) en 2004 en Irak avec 
la nouvelle presence de forces etrangeres sur le territoire (Norwegian Refugee Council, 2004). 
II y avait principalement deux maladies infectieuses affectant le pays periodiquement: le 
cholera et le paludisme (http://www.who.int/csr/don/en/). Le cholera est une maladie 
indicative de la situation economique de la region. C'est une maladie bacterienne liee a la 
contamination de l'eau et de la nourriture et qui se propage surtout dans les regions ou 
Pinfrastructure n'est pas adequate pour assurer la potabilite de l'eau. Sa presence est notable 
en Irak quelques mois apres P eruption de chacune des guerres du Golfe : en 1992 et en 2003. 
Cette information nous a aides a mieux cibler P etude en bous focalisant sur les regions les 
plus affectees par P agitation conflictuelle dans le pays du point de vue de P infrastructure. 
Base sur cette hypothese, la localisation des eclosions de cholera a permis de formuler une 
deduction pour identifier les regions defavorisees par le regime Baas. Ce premier indice nous 
a permis de mieux cibler le choix du site d'etude. 
Les rapports des agences humanitaires travaillant sur le terrain au-dela de POMS ont ete 
recherches afin de caracteriser la situation actuelle et de maniere detaillee. L'ensemble de ces 
rapports fut utile pour P analyse generalisee des progres et des contraintes de ces agences 
pourvoyant aux besoins de la population. Ces donnees etaient directement liees a la 
vulnerabilite de la population et contenaient un aspect spatial. En outre, les statistiques sur le 
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nombre, la provenance et le type de rapport a aussi ete utile pour caracteriser le climat de 
travail et le niveau des besoins sur le territoire. 
L'article ci-dessous est issu d'une problematique soulevee par les agences d'aide humanitaire 
sur le terrain, notamment la difficulte de rapporter la situation courante de facon systematique 
a cause des contraintes de temps, des moyens de communication ou encore de l'incertitude 
liee a la destination appropriee pour 1'envoi de leurs rapports (Delica-Willison et Willison en 
Bankoff et ah 2004). II decrit une methodologie developpee sur la normalisation des donnees 
provenant de differentes sources ouvertes pour la cartographie systematique des evenements 
d'aide humanitaire et de securite conflictuelle. La technique proposee de normalisation 
consiste a chercher les donnees des sources a informations publiques et disponibles pour une 
breve duree de temps sur Internet, pour ensuite porter le tout sur une plate-forme commune 
selon trois categories creees pour 1'etude : progres, rechutes et evenements de securite. Les 
rapports sont d'abord telecharges de diverses sources sur Internet. L'information dans le 
rapport relative aux faits, a la date de parution, a la region geographique et aux auteurs, ainsi 
que le sujet traite, est inseree dans une base de donnees selon leur categorie d'appartenance. 
Les donnees sont ensuite organisees selon une liste de mots clefs. Cette liste est differente 
selon la categorie d'appartenance du rapport, et est plus elaboree pour certains evenements de 
securite. Cette organisation de l'information a permis une cartographie des evenements a 
differentes echelles spatiales et temporelles et selon differentes echelles hierarchiques 
d'organisation. 
Le resultat de ce travail est une cartographie souple, controlee par l'utilisateur, de la situation 
de la securite conflictuelle et de l'aide humanitaire. Ce travail demontre que nous pouvons 
construire une image globale de la situation au nord de l'lrak avec des informations sur le 
nombre et le type d'organismes travaillant dans la region, les secteurs d'intervention et les 
regions defavorisees. Les rapports etaient classes selon la source du rapport d'origine, la 
categorie d'aide humanitaire ou bien de securite, et fournissant ainsi des informations 
importantes sur la situation sur le terrain. De plus, les renseignements tires de cette base de 
donnees, couples avec la carte de vulnerabilite, nous ont permis de visualiser 
retrospectivement si les efforts internationaux ont ete bien cibles. 
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Cet article a ete publie dans le journal Disasters en 2005 par l'auteur de cette these lors de 
son stage au Centre Commun de Recherche a Ispra en collaboration avec Delilah Al 
Khudhairy, chef d'unite MMIS (Monitoring, Mapping and Intelligence Sector) de l'lnstitut 
pour la Protection et la securite du citoyen; et avec Ferdinand Bonn et Sami Aoun, 
professeurs a l'Universite de Sherbrooke au moment de la publication. Les figures 2.1.3 et 
2.1.7 sont reproduits en l'annexe B en format agrandi. L'application de la methode Spearman 
aux series temporelles de violences cumulatives en Irak est aussi expliquee, avec l'ajout d'une 
figure dans cette meme annexe. 
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Standardising and mapping open-source information for crisis regions: the 
case of post-conflict Iraq 
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Abstract 
Painting an accurate picture of the situation on the ground in countries in crisis is vital for the 
efficiency of humanitarian aid and reconstruction agencies. This study describes a method for 
standardising and mapping the plethora of open-source information. The test site for the study 
is post-conflict Iraq. Important information on aid distribution, reconstruction and security in 
Iraq can be derived from the reports of humanitarian aid agencies and the media, before being 
formatted, inserted into a database and mapped. The product is a visual, cartographic structure 
of otherwise random information, showing which organisations are working in the country, 
which thematic and geographic areas are being prioritised in the field, and which areas most 
frequently experience security events. This type of mapping not only highlights the overall 
working environment within different parts of the country, but it may also serve as a decision-
making tool for donors and humanitarian aid agencies planning to deploy personnel. 
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2.1.1 Introduction 
The efficiency of decision-making with respect to a country in crisis is directly related to the 
amount and quality of information available on it (Olsen et al., 2004; Comfort, 1994). The 
'amount' of information in this case refers to the number of different pieces of validated 
datum, and not to the size of the mass of information that may be available in excess and of 
which there may be contradictory versions. The 'quality' of information augments as it 
becomes more structured, more organised and hence more manageable (Comfort, 1994). 
Access to updated and systemic information is of particular interest to organisations working 
in countries that are recovering from recent conflict because reconstruction needs are usually 
considerable and the security situation is often volatile (Gidley, 2004; Hamre et al., 2004). For 
these nations, the complex situation on the ground does not usually facilitate standardised and 
regular reporting from the field, and the most readily available sources usually comprise those 
published on the World Wide Web. 
Policymakers with responsibility for crisis management and conflict prevention, donors and 
humanitarian aid agencies may have similar goals when confronted with a crisis, but the type 
of information they require differs. Policymakers need data on the trends associated with 
security events, a precise spatial location, and details of events in order to monitor and assess 
the situation properly. Donors need information on how much money is being spent in which 
sector, by whom, and where, since, according to several authors, international humanitarian 
financing does not necessarily reflect the levels of real need because of ancillary influences 
(Darcy and Hoffman, 2004; Frankish, 2004; Greikspoor et al., 2004; GHA, 2004; Olsen et al., 
2002). Humanitarian agencies, which frequently assess their contribution to crisis situations 
based only on their own programmes because they have limited access to the information of 
other agencies (Darcy and Hofmann, 2004), require information on current projects in the 
field, as well as on donor decisions and security events. 
Although the type of data required by each of the end users listed above differs, the 
information may be gleaned from the same sources. In all cases, a quantitative version of what 
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is usually originally available in a non-quantitative form, such as a report or news story, is 
more easily digested once it is 'normalised'. Normalised data—in this case, a term 
synonymous with standardised data—can be interpreted in the same way by all interlocutors 
regardless of how the information is transformed and how the user presents it. If an event is 
linked to a geographic location, a map depicting the information with a spatial dimension can 
be constructed from these statistics. Depending on what the map is designed to demonstrate, it 
can be an important instrument for seeing 'at a glance' which regions are most affected by 
security issues, where the most humanitarian aid is going, which geographical and thematic 
areas are receiving the most contributions from donors, and so on. 
This study describes a method for structuring and mapping updated information at regular 
time intervals using public sources of information, or 'open sources'. 
2.1.1.1 Selecting indicators 
Three simple indicators of the working environment in a country were selected. The 
categories monitored using information available from open sources are: progress; setbacks; 
and security events encountered by humanitarian aid agencies. 'Progress' reported by 
humanitarian agencies indicates that it is possible to get projects on their feet in the region, 
while 'setbacks' to, or delays in, projects indicate that the working environment may not be 
conducive to receiving aid or to reconstruction. Furthermore, it is possible to break down and 
examine what kind of progress and setbacks are occurring and in which sectors. This can be 
estimated by categorising the type of aid being delivered, as well as by categorising the type 
of humanitarian aid agency reporting. The principle of the methodology lies in tracking these 
indicators with temporal and spatial references in order to discern trends across these 
dimensions. 
The purpose of this research is to verify if, in a simple and easily replicable manner, objective 
and quantitative information can be found in open sources. The objective is not to analyse the 
impacts of media on crisis intervention, or to investigate the potential use of mass media as a 
main information source for assessing situations in crisis regions, as has been done by experts 
in this field of study (Olsen et al., 2004; Peters, nd; Darcy and Hoffman, 2004). It is important 
to note that, although media reports were used to fill information gaps, these were not the 
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main source for this study because reliance on an excess of media sources can lead to 
information overload (multiple reports of the same event). Also pertinent is the fact that this 
study does not aim to appraise the impacts of the volume of information reporting on the same 
event. Consequently, repeated information is eliminated from the study. The source 
information therefore consists mainly of field offices working in humanitarian aid distribution 
and reconstruction. 
The data sources used for this study are web sites which are screened for data quality by 
experts and for which repetition per event is limited. For instance, the only sources for media 
reports, those that tend to be the most repetitive, are those pre-filtered by the United Nations 
(UN) 'ReliefWeb' website. The sources are discussed in more detail later in the paper. 
2.1.1.2 Pilot study for Iraq 
This study focuses on Iraq, investigating the potential use of open source information for 
evaluating the overall working environment in the country, on which there is little or 
inconsistent field information available. Since the end of the war in Iraq in May 2004, the 
world's attention has turned to reconstruction of the nation. Three wars, the transformation to 
an oil-dependant economy (Alnasrawi, 2002), the military spending priorities of a dictatorship 
and subsequent debt, and 14 years of sanctions have left the country's infrastructure in a 
derelict state (Hurd, 2004). Over the next few years, Iraq will depend heavily on the 
generosity of donor organisations and the efficiency of reconstruction agencies in order to 
regain strength and prosperity, and the level of self-sufficiency of which it is ecologically 
capable (ICARDA, 2004; Kitto and Tabish, 2004). 
While needs in Iraq are obviously enormous, the specifics as to what sector and geographical 
location have benefited from humanitarian aid and reconstruction are difficult to ascertain. As 
mentioned earlier, this type of information is salient to donors and humanitarian aid agencies 
when making decisions related to where to invest their resources. 
The security situation in the country is also a concern for all parties involved in reconstruction 
or providing humanitarian assistance in Iraq. Several humanitarian organisations report their 
inability to function normally due to security issues (UNEP, 2004; Gidley, 2004; WHO, 
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2004). Trends related to security events and levels of violence, as well as the impacts of 
security on humanitarian aid distribution and reconstruction, are therefore of interest. 
Although some literature exists on the 'mapping' of crime in order to facilitate analyses and 
modelling (Ratcliffe and McCullagh, 1999; Levine, 1999), no literature seems to have been 
published on the extraction and subsequent mapping of open-source information for 
humanitarian aid applications. According to Comfort (1994), there is a niche for this type of 
mapping, as often decision-makers are required to follow intuition in crisis situations for 
which there is no documented precedence. 
This pilot study for Iraq covers the period between 24 July 2003 and 2 December 2003. 
2.1.2 Methods 
Figure 2.1.1 shows an outline of how information is processed from the open-source reports 
to the final product. Humanitarian aid distribution, reconstruction progress and setbacks, and 
security events are registered from various sources and are inputted into a common database, 
whereby the information becomes normalised. The data from all sources can be combined 
and queried according to date and place, though a higher degree of detail is entered about 
security events since this theme is of particular interest. 
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http://www.reiiefweb.int 
http://www.hiciraq.org 
Progress Setbacks 
when? Security 
By whom? issues 
What? 
Where? 
When? 
By whom? 
To whom? 
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type? 
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dead? 
Where? 
Figure 2.1.1 Information extraction and normalisation from open sources. 
The software used for data processing and map-making is ESRI's ArcGIS suite. 
2.1.2.1 Data collection 
Events reported to open sources are entered into the database as a record. The record shows 
the date of the report, the reporting source and the location for which the report is filed, as 
well as whether or not the report falls into a "progress" or into a "setback" category of reports 
(as explained in the next section). For security events, an additional form is completed. The 
security form, and the choices leading to the utilisation of these particular parameters, will be 
discussed in further detail in the description of the methodology. 
2.1.2.1.1 'Progress' and 'setback' events 
The sources for humanitarian aid progress reports are those reporting to the United Nations 
Office for the Coordination of Humanitarian Affairs (OCHA) ReliefWeb and Humanitarian 
Information Centre (HIC) for Iraq websites. These web sites regroup information that comes 
in from various field sources such as non-governmental organisations (NGOs), UN and 
governmental agencies. 
http://icasualties.org 
http://www.iraqbodycount.net/1 
| http://www.iraq-today.com/ ! 
http://wwreliefweb.int 
I http://www.hiciraq.org 
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The reports that are sent to OCHA's ReliefWeb and HIC websites on Iraq by humanitarian aid 
agencies and the press are recorded as events in a database. Events are recorded as a 
'progress' if they represent an advancement, an improvement, or completion of fieldwork 
projects, and are linked to the region in which they occurred. A box is checked if events are at 
a fieldwork proposal level or if they are in a very preliminary phase prior to the initiation of 
concrete fieldwork. For example, an approved reconstruction project is entered as an event, 
but only upon completion is the box left unchecked. This is to avoid double-recording of 
events thus allowing the user to query the data for information about completed projects. 
Entering reports about uncompleted projects serves to flag the presence of aid agencies in a 
certain region at a given time. 
'Setback' events are those that are reported as hindrances to reconstruction or the delivery of 
aid in the field. Many setback events are due to security issues. In cases where the security 
event has had an impact on the efficiency of humanitarian assistance, it is entered as both a 
setback and as a security issue with an identical identification key. This is designed to 
facilitate assessments of the impacts of security issues on humanitarian progress in the field. 
The user can thus query the database to find the security events that reportedly had a direct 
impact on the delivery of humanitarian assistance. Double reports are avoided since the 
security events table is separate from the regular events table. 
The limited detail which is available in field reports in a consistent manner restricts progress 
and setback events to being recorded at a governorate level5. Whereas the populated place is 
not consistently mentioned by reporting sources for progress and setbacks, the governorate is 
almost always mentioned. If the report refers to a national-level event, it is recorded for all 
regions in order to preserve the statistics for sector-related work. For example, reports about 
refugees are often generalised for the entire country. This must be added to the database or it 
would appear that refugees did not constitute an issue that was addressed at that particular 
moment in time in Iraq. 
5
 Although governorates in Iraq are sometimes also referred to as provinces, the term governorate is more 
commonly used and hence will be applied throughout this text. 
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Parallel to progress and setback events, security events in Iraq are recorded. 
2.1.2.1.2 Security events 
The third category consists of the security events. This category differs from the 'setback' 
category mentioned above, although the two are not mutually exclusive. Since security events 
are reported with a higher level of spatial accuracy, with either the geographical coordinates 
or the populated place (city, town or village) being mentioned, they can be recorded with 
greater accuracy. The sources for security events records include, but extend beyond, those 
for the first two categories. 
Reporting sources used for security issues consist of the following websites: 
1. http://icasualties.org/oif/default.aspx. 
2. http://www.iraqbodycount.net/bodycount.htm. 
3. http://www.iraq-today.com/. 
4. http://www.reliefweb.int. 
5. http://www.hiciraq.org. 
These sources were chosen because they capture a wide range of security events occurring in 
Iraq. The first source is used for military casualties. This site depends on the US government 
for information, specifically Central Command (CENTCOM) in Tampa, Florida, the US 
Department of Defense (once the families of the victims have been contacted), and the UK 
Ministry of Defence. The second site, 'Iraq Body Count', lists civilian casualties. It is an 
independent site that regroups the information from nearly 40 approved reporting agencies 
through their websites. The news sources are from various countries, but reporting is in 
English. These sites were chosen by the authors of Iraq Body Count on the basis of various 
criteria, including updated daily, and public sites. The information is verified by three 
scrutinisers, who are technical and legal experts, prior to publication on the Iraq Body Count 
website. The third, fourth and fifth sources are media sources and are used for non-fatal 
security events. These latter sources often complement details of security events reported in 
the first two sources. 
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2.1.2.1.3 Categorising reporting sources 
Each reporting source is entered into a specific category and group. Reporting categories 
pertain to the most predominant mandate of the source: demining; aid distribution; media; 
reconstruction; environment; health; logistics; security; and various for events that combine 
several categories. 
Reporting sources are also classified according to type of organisation. The source belongs to 
one of four groups identified in this source pool: NGO; UN; media; or government. 
2.1.2.2 Data analysis 
In order to establish the keywords used to categorise events, the reports for one arbitrary 
month were reviewed for Iraq, and keywords were extracted. The keyword table below was 
built (see Table 2.1.1). 
Table 2.1.1 Field-based event categories and their respective event group heading. 
Event Group 
Displaced Persons 
Infrastructure 
Aid delivery 
Security 
Event Category 
Internally displaced persons 
Refugees 
Communications 
Education 
Electricity 
Employment 
Epidemics 
Fuel 
Healthcare 
Reconstruction 
Human rights issues 
Transport 
Water & Sanitation 
Food / nutrition 
Aid, general 
Ethnic conflicts 
Human rights issues 
Landmines 
Aid workers pulling out 
Security 
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The event group relates to the cluster to which each event is aggregated. Maps and graphs 
could be simplified by using the event groups instead of the event categories. 
The user enters the security event type according to the categories outlined in Table 2.1.2. 
Each event is linked to a target. The violence can be intended for civilians, military personnel, 
or no one in particular. If the target and the intent of the event are unknown, a generic 
category referred to as 'unspecified/random' is used. If the violence is not directed at anyone, 
such as a violent protest, or if a report cites a specific populated place as being unsafe in its 
opinion, the event falls under the category 'general unrest and tension'. 
Table 2.1.2 A list of the security events categories 
I Security event type 
Target 
Civilians 
Military 
No specific target 
Security event 
Attacks against civilians 
Abduction 
Assassination (political) 
Murder (civilian) 
Road attacks 
Attack against coalition forces 
Civilian crossfire casualties 
General unrest/ tension 
Looting 
Sabotage of public infrastructure 
Smuggling 
Unspecified/ random 
While rarely reported, the user has the possibility to enter information on those held 
accountable for security events. It was found, however, that the finger is usually only pointed 
with certainty in events where coalition forces are responsible for civilian deaths. 
The death toll is recorded for each event. Accidental deaths are recorded, but can be omitted 
from statistics with a user-defined query. The road or populated place in which the event 
occurred is documented, as well as the level of violence of the event. 
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2.1.2.3 Violence scale 
A level of violence is appended to each security event. This is a subjective means of 
evaluating the security events, but serves to categorise incidents in order to avoid 
exaggeration of the regional security situation. The violence scale is used to indicate whether 
or not a security event was related to humans as targets, consisted of an organised crime 
and/or resulted in a very high death toll (see Table 2.1.3). 
Table 2.1.3 The violence scale which is attributed to each security event 
Violence level ID Violence level description 
0 
_ 
2 
3 
4 
5 
Accidental 
No deaths, random, level of organization unknown 
No deaths, targeted, organized 
Deaths or not, humans targeted, level of organizational unknown 
deaths, targeted civilian or CF, organised, equipment/bombs 
High death toll, organized 
2.1.2.4 Non-human targets 
Events for which humans are not targeted are entered as a level 0, 1 or 2. A level '0' indicates 
an accident—the intent is therefore unknown or linked to events in the past. An example of a 
'level 0' is an injury or death due to an old landmine, or a car accident. A 'level 1' is 
registered when crimes are petty and do not appear to be organised. Cases of looting are 
registered with a violence scale of ' 1 ' . For an event to be classified as a 'level 2', the crime 
committed has a degree of organisation that is considered to be more sophisticated than for 
'level 1' crimes. 'Level 2' crimes could consist of bombing a fuel or electrical line. 
2.1.2.5 Human targets 
Violence scales of '4 ' and higher are linked to events in which the act was intended to harm 
humans. A 'level 4' suggests a clear attack against humans whether they are civilians or 
members of a military, without a specific indication of whether or not the event was 
organised. Examples include shooting at coalition forces or throwing a grenade from a bridge 
on to a passing convoy. Whereas events listed as 'level 4' can have been conducted by 
individuals, an event listed as a 'level 4' is associated with one in which a minimum level of 
organisation is required in order to carry out the act. An example is an ambush of a coalition 
convoy or an attack requiring sophisticated equipment, such as a remotely-detonated bomb. A 
'level 5' has the same criteria as a 'level 4', but the death toll is exceptionally high for events 
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listed in this category. Examples include the August 2004 attack on the UN headquarters in 
Baghdad and the November 2004 suicide bombing at the Italian military base in Nassiriyah. 
From the violence level table (Table 2.1.3), one can see that the 'level of organisation' of an 
event is also a factor that is inherently associated with each security event. The indicator 
shows which events are obviously orchestrated by a group of persons. 
2.1.2.6 Linking events to geography 
A query can be built to append every event (security and other) with the full information in 
the tables seen earlier. These user defined queries are combined with geographical 
information to generate maps that show static as well as dynamic information such as trends. 
In order to append the data extracted from open-source information, however, it was 
necessary to compile a spatial database. That is, the base maps for Iraq, its governorates, 
populated places, and roads. 
Previously existing information generated by the US National Imagery and Mapping Agency 
(NIMA) were used to add a spatial dimension to the database. A table of each of Iraq's 
administrative unit levels was built with names and universal place code (p-code) associated 
with each geographical location in the country. These NIMA databases include: the populated 
places or 'settlements' in Iraq, with geographical coordinates and p-codes; the district-level 
names and p-codes; and the governorate-level p-codes. All of the tables are linked so that 
each populated place is associated with a district and a governorate. This spatial data of Iraq, 
compiled by the Humanitarian Information Centre for Iraq (HIC-Iraq) team, consist of a series 
of layers relating to the administrative boundaries, roads and populated places, as well as a 
plethora of other information pertaining to Iraq's infrastructure. 
Linking the p-code for the appropriate administrative level in the events table (Figure 2.1.2) 
with the p-code in the vector layer generated by HIC allows for any kind of information in the 
events table to be associated with a governorate on a spatial platform. 
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Figure 2.1.2 Iraqi governorate names and their associated p-codes 
To paint a more accurate picture of the number of events related to a ground parameter like 
population, the raw data should be normalised based on a relatively stable ground parameter 
that is logical for interpretation purposes. All events reported are mapped after the data has 
been normalised by the governorate population published by the UN for January 2003. The 
data are considered per capita because this information is indicative of the number of 
individuals affected. 
2.1.2.7Linking events to time 
Three main categories of maps are generated: cumulative; dynamic; and trend. Cumulative 
maps show the evolution of events of interest over a user-defined time period. The total 
numbers that are displayed can be broken down into sub-categories and the sub-categories can 
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then be mapped. The total number of projects in Iraq for any given period, for example, can 
be shown on a cumulative map. 
All events are divided by the week in which they are reported. Viewing one cumulative map 
per week shows how events evolve over time. These are referred to as time series. When these 
series are analysed the trends can be deduced. Trends for the entire period of study can be 
summarised in a single map with the governorates identified according to whether or not 
trends are increasing, decreasing, or remain constant. The trend for any event or combination 
of events per governorate is extracted by applying the Spearman's rank coefficient, rs 
(Equation 2.1.1) (Conover, 1980): 
(eq. 2.1.1) 
T = sum of the squares of the ranks 
n = number of pairs of measurements 
The rate of increase or decrease in rs is proportional to the increase or decrease in the number 
of events over time. The trend, which is not necessarily linear, is thus inferred. This tendency 
can be plotted on a map of unique values, showing governorates or populated places 
belonging to the group of increasing or decreasing trends. Governorates or populated places 
not showing a significant change over the study period (that is, stable) are mapped as well. 
2.1.3 Results and Discussion 
The purpose of this paper is not so much to analyse the specific situation in Iraq as it is to 
determine whether or not it is useful to quantify, normalise and map reports from open 
sources. As mentioned earlier, the rationale is to provide decision-makers with simple 
informative maps of the current situation in regions with limited sources of coherent 
information. The following is therefore an overview of the analyses that can be conducted 
using open-source information, and does not focus on country-specific results. 
r = 1 - 6T 
n(n2 -1) 
where 
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2.1.3.1 Progress 
The progress events that are reported per governorate can be translated either directly through 
the mapping of the total progress made per governorate, or can be indirectly extracted by 
categorising reporting sources then documenting the number of reports made by each 
reporting source per governorate. This latter choice, allowing one to deduce the working 
climate in the country using reporting source type and frequency, opens the way for automatic 
extraction, since it is easier to automate counting sources from a region than it is to infer the 
context of a report, and hence is the subject for more in depth analysis in the following 
sections. 
2.1.3.2 Mapping reporting sources 
When a report is registered in the database, the reporting source is also recorded. This 
reporting source is assigned to a particular reporting source group. Short of more tangible 
information, the sheer number of reports from groups, as well as the variety in reporting 
source groups, can provide information on the working climate of a country in crises. 
Mapping reporting source information may be useful for improving the confidence level of 
donors, for signalling where projects are being carried out and for indicating the diversity of 
humanitarian aid and reconstruction groups per region. 
There are two ways in which the data related to reporting sources have been analysed in this 
study. First, the frequency of reports made by reporting source groups per governorate shows 
how many total reports came from various organisation groups per region (Figure 2.1.3). 
Second, the variety of reporting sources made per governorate shows how many different 
sources are reporting per governorate (Figure 2.1.4). The variety, or diversity, of reporting 
sources is considered to be indicative of a robust network within the region. In other words, 
the variety in reporting sources is inversely proportional to the level of vulnerability of a 
region, since a single agency represents a smaller percentage of the total and its withdrawal 
would thus have less impact on the region. 
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Figure 2.1.3 An example of the sources reporting to the UN portal www.ReliefWeb.int 
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Iraq: Variety in reporting sources 
(August 1- December 2, 2003) 
# Variety in per capita reporting sources I I Lowest 
Highest 
A 0 100 200 300 400 500 Kilometers 
Figure 2.1.4 The classification of the variety of the reporting sources in Iraq 
The divisions in the classes shown in figure 2.1.4 are based upon Jenk's algorithm for 
extracting natural groups and patterns in a dataset by minimising the sum of the variance 
within each of the classes (Slocum, 1999). Consequently, there are not an equal number of 
governorates per group. This method ensures that the governorates that are grouped together 
are classified as such because of their statistical similarities. 
2.1,3.3 Mapping aid sectors 
Humanitarian aid was broken down into the following categories: reconstruction of 
infrastructure; aid delivery; and assistance to refugees and internally displaced persons 
(IDPs). Figure 2.1.5 (a-c) shows the areas of priority for humanitarian aid agencies per 
governorate relative to other governorates. 
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Figure 2.1.5 A summary of the governorates benefiting most from (a) Rebuilding of infrastructure (b) 
Refugee and IDP care (c) General aid delivery 
Mapping the sector that has received the most attention per region can be useful in ranking aid 
distribution and identifying prioritised regions. Additionally, in conjunction with ancillary 
information, population vulnerability may also be inferred. 
2.1.3.4 Security 
Sorting through the security events in post-conflict regions is useful, especially when there is 
a high level of media coverage. Since the relative level of coverage is not always 
representative of the relative level of importance in a crisis situation (Olsen, 2004; Jefferys, 
2002; Peters, nd), the picture of the true situation on the ground may become distorted. 
Extracting information from selected sources and eliminating repetitive reports yields a more 
objective result, requiring less filtering effort. Figure 2.1.6 shows an example of how the 
number of security events can be mapped. 
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Iraq: Security events reported 
August 1- December 2, 2003) 
Figure 2.1.6 A summary of the governorates with the highest number of security issues (per capita) 
The security situation in Iraq was further analysed using a violence scale. This scale shows 
the degree of severity of security events and can thus be a more accurate means of analysing 
the security situation in the country, although it is based on a subjective scale. The mean 
violence scale was registered per week as a mechanism to absorb the potential error of 
additive violence scale measures due to a change in reporting source availability. Detailed 
security reports, for example, were available on ReliefWeb with the United Nations Iraq 
Security Office (UNISO) service up until 5 October 2004, after which the reports were 
discontinued. Hence, although the total number of reports may have dropped after 5 October, 
the average violence of events reported remained relatively consistent. This mechanism 
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contributes to the robustness of the system, making it possible to change or add information 
sources. 
A third and very tempting means of measuring violence in Iraqi governorates is through 
mapping the death toll. The death toll is an objective means of measurement, but it can be 
misleading in cases where a single event has a high casualty rate. The death toll was therefore 
not considered as a fair indicator of the regional and local working environment. It may be 
useful, however, to determine which types of security issues contribute to the highest level of 
deaths (Figure 2.1.7). 
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Figure 2.1.7 A breakdown of the death toll by the target category, with underlying security event 
totals per governorate 
Figure 2.1.8 shows the populated places in Iraq for which at least one security event was 
reported. This data was not normalised by population due to a lack of a complete dataset on 
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population statistics for cities in Iraq. While this map is thus not indicative of the violence 
level per capita in cities, it is possible to determine which cities influence governorate 
statistics the most. 
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Figure 2.1.8 Cumulative violence scale per populated place in Iraq. 
Establishing the trend is also informative when presented in a graphical format. For the period 
between 24 July and 2 December 2004, by ranking average violence per week using 
Friedman's analyses of variance between weekly averages of violence (p-value = 0.0002), the 
most violent time period in Iraq was the last three weeks of September 2003. 
For road attacks occurring between populated places and where precise coordinates are not 
available, the branch of road where the attack took place is mapped. These events are 
registered for the branch of road on which they happened if the populated places are cited 
(that is, 'between x and y'), and are registered for the entire branch of road within the 
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governorate in which they occurred. If the event states two place names within two different 
governorates, the governorate in which the highest percentage of the road passes is registered 
in order to avoid documenting the event twice. 
In summary, the probability of being injured in a particular region can be evaluated by 
gauging the total violence in that region. Violence scale is considered a more accurate means 
of showing the security situation in Iraq than measuring the total number of security events 
because minor security events are not as related to risk as are major security events. The 
violence scale therefore provides a more accurate measure of the current level of tension. An 
additive violence scale is useful for comparing governorate statistics, and an average violence 
scale is useful when gauging the tendencies in violence. 
2.1.3.5 Relating security to humanitarian aid and reconstruction 
The governorates were put into one of five classes based upon the level of intensity of 
progress or security events (1 and 2 = most prevalent; 4 = in the median; 4 and 5 = practically 
non-existent) using Jenk's optimisation algorithm for detecting natural breaks in the datasets 
(Slocum, 1999). The class into which the governorate was inserted therefore depends upon its 
value relative to the values of the other governorates. 
A dichotomous test, used to assess whether or not the governorates in which violence is most 
prevalent are also those in which the least progress is made and/or in which there is a lower 
variability of reporting sources, shows that there is a significant correlation between the 
variety in reporting sources and violence for all governorates (p=0.67), but there is not a 
significant correlation between total progress and violence. In summary, results show that the 
variety in reporting sources is inversely proportional to the number of security events 
reported. Variety in reporting sources can thus be used as an indicator of safety in the field. 
2.1.4 Conclusion 
It is possible to obtain quantitative and structured data from open-sources about the working 
environment in a country such as Iraq, where information is not emitted from the field in a 
systematic manner. The reports about setbacks were limited, probably due to the reporting 
sources preferring to report on positive accomplishments rather than the pitfalls of working in 
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Iraq. As a result, the setbacks recorded were not used as an indicator for working conditions 
in the country. The two most valid indicators of the field situation in Iraq are security and 
progress reported. 
2.1.4.1 Future direction of study 
This methodology is currently used operationally for monitoring violence in Iraq as well as in 
the Palestinian Occupied Territories on a weekly basis. In order to render the system 
applicable to a second study site, region-specific source information is used. The reporting 
source pool should be appropriate for the country of study. It is logistically impractical to 
attempt to include all potential sources for all countries. It is however feasible to automate the 
extraction of information from the internet once the sources are identified (Language 
Technology Group; Pouliquen et al., 2004; The Language Technology Center). This 
procedure will greatly enhance the efficiency of the system. 
Predicting the evolution of violence 'hot spots' is a potential application for this system. 
Although it does not currently have an analytical capacity, the baseline architecture of the 
geographic information system (GIS) upon which an analytical component could be 
constructed already exists. However, while the technical challenge is not insurmountable, 
building upon this GIS in order to render it capable of determining the probability of security 
events occurring requires intimate knowledge of various social and political factors. This is 
particularly true for Iraq. Geography-related factors, such as secular and tribal exchanges with 
the current political parties and associations, border permeability, land claims by displaced 
persons, internal economic matters and the religious history of various regions, need to be 
incorporated before accurate assessments can be made. 
Current efforts to integrate this system as an external model of a multi-sourced geographic 
information system for assessing the overall vulnerability of the Iraqi people have so far 
proved promising. The work described in this study is an indicator for assessing population 
vulnerability based upon the current security situation and the delivery of humanitarian 
assistance. 
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Chapitre 3. Modelisation du risque aux conflits 
II y a dans l'equation du risque (eq. 1.1.1) trois facteurs a quantifier: L'evenement 
perturbateur, le nombre de personnes affectees, et le niveau de la vulnerabilite de la 
population. Pour evaluer la contribution de chacun de ces elements a l'equation de risque, 
nous avons mis en place une methodologie d'estimation du risque dans la region du nord de 
l'lrak pour les 30 dernieres annees en s'appuyant sur les donnees du recensement de 2003 en 
Irak et a l'aide de l'imagerie satellitaire Landsat, SRTM et Dconos (tableau 3.0.1). 
Tableau 3.0.1 Resume des donnees utilisees dans cette etude. 
Donnees 
Projet de 
Recensement Rapide 
Imagerie Landsat 
Imagerie SRTM 
Imagerie Ikonos 
Source 
HIC Irak, Nations 
Unis 
Universite de 
Maryland 
USGS 
ISPC - JRC 
Utilite au projet 
Calibrage du modele de risque, 
validation du modele de risque genere 
des intrants satellitaires. 
Cartographie et modelisation de 
risque. 
Corrections topographiques de 
1'imagerie Landsat; creation de la 
couche des routes, des bassins 
versants. 
Validation des classifications Landsat 
Ce chapitre explique le processus de Tanalyse du risque en decrivant d'abord l'ensemble du 
projet par la publication dans le §3.1. Cet article discute des processus de pretraitements et de 
traitements des donnees citees dans le tableau ci-dessus et elabore la methodologie 
developpee pour 1'extraction des donnees biophysiques a partir de l'imagerie, la modelisation 
du risque pour le site d'etude et enfin les resultats de 1'etude. Ceci est considere le point 
central de cette recherche en offrant une vue du projet dans son ensemble. 
L'etude sur 1'analyse du risque pour le nord de l'lrak revele que se sont les criteres 
d'eloignement, la densite de la population et la diversite economique qui sont les variables les 
plus pertinentes. La densite de la population est un parametre particulierement complexe dans 
son estimation et est le sujet de l'article dans le §3.2. Cet article discute des traitements des 
donnees pour 1'estimation du nombre de personnes situees sur le terrain a une resolution de 90 
m par pixel. 
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Dans le §3.3, nous elaborons les details lies a la classification des images n'entrant pas dans 
les contextes des publications. Les aspects de la classification sont elabores pour decrire et 
justifier les choix de cette etape primordiale a la modelisation du risque. 
3.1 Analyse de risque 
L'article qui suit a ete soumis a 1'International Journal of Remote Sensing au mois de juillet 
2008 par l'auteur de cette these et Daniele Ehrlich de 1'ISPC au JRC apres son acceptation 
conditionnelle en Janvier 2008. II decrit la methodologie appliquee pour 1'evaluation du risque 
en utilisant les donnees relevees lors du recensement en 2003 ainsi que rimagerie satellitaire. 
Nous avons d'abord evalue les donnees de terrain pour 2003 afin de mieux comprendre 
chacun des facteurs contribuant au risque. Cette verite de terrain consistait en un recensement 
sur la qualite de vie qui a ete fait en 2003 par les Nations Unies sur le site d'etude a la suite du 
renversement de la dictature en place par l'intervention des forces armies etrangeres. Le 
Projet de Recensement Rapide (PRR) a ete effectue pour 5700 villages au nord de l'lraq 
englobant 4,1 millions de personnes, dont 2.2 millions en milieu rural, pendant l'ete de 2003 
(Benini et Ross, 2003). Les enquetes contenaient des informations detaillees sur la qualite de 
vie des residents. Cette base de donnees contenait des donnees non pertinentes ; plusieurs 
variables ont ete eliminees par leur manque de pertinence pour ce projet et a cause d'une 
utilite statistique limitee. Les variables restantes ont ensuite ete fusionnees dans des categories 
preselectionnees. Ce processus de traitements est detaille dans l'annexe C de ce document. 
Elles ont ensuite ete divisees en deux groupes selon leur pertinence avant ou apres la guerre 
(tableau 3.1.1). Les variables considerees valides avant la guerre comprenaient: 1. la 
diversite economique, 2. la qualite du materiel de construction des maisons, 3. la densite de la 
population et 4. une variable derivee de plusieurs intrants : l'eloignement des villages 
procurant des services essentiels. Cette derniere variable represente 1'effort requis par les 
villageois pour arriver a un village ayant un marche en tenant en consideration les parametres 
de distance, de pente, de qualite de routes et des obstacles geographiques. Cette variable 
calculee a ete validee par une verite terrain. Les variables representant la situation apres le 
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conflit en 2003, c'est-a-dire les variables utilisees pour creer la carte de risque comprenaient: 
1.1'infrastructure, 2. le systeme sanitaire, 3. la disponibilite en nourriture, 4. la disponibilite et 
la qualite des services de sante, 5. la disponibilite et la qualite de 1'education, 6. la 
disponibilite et la qualite d'autres services tels que les marches. 
Tableau 3.1.1 Division des variables en categories pre-guerre et post-guerre 
Classe 
Diversite economique 
Materiel de construction 
Isolement 
Densite population 
Systeme sanitaire 
Infrastructure 
Disponibilite nourriture 
Disponibilite education 
Disponibilite services sanitaires 
Disponibilite autres services 
Categorie 
classe 
Pre-guerre 
Post-guerre 
Une analyse par arbre de decision fut appliquee sur la gamme de variables pre-guerre pour 
etablir 1'importance relative de chacune des variables selon leur capacite explicative a decrire 
le risque. 
La variable dependante pour le processus de la regression (Y) est la carte de risque generee 
avec les variables post-guerre decrite ci-dessous. La methode implique une analyse spatiale 
du comportement statistique de chacune des six variables pour produire une carte representant 
le risque sur le terrain. Les variables independantes locales (X (1)) sont classifies pre-guerre. 
On identifie la taille et la position de la zone d'influence de chaque variable par une analyse 
du semi-variogramme pour chacun des intrants. Apres 1'analyse de chacune des variables 
pertinentes et de leur region d'influence, une carte de risque finale est produite. La carte de 
risque de validation, produit de 1'addition de toutes ces cartes de risque generees pour chacune 
des variables d'intrant, a ensuite ete creee en utilisant les intrants les plus significatifs. 
Une fois etablie la contribution des variables de terrain, nous les avons recreees avec 
l'imagerie satellitaire de la meme annee. Les variables liees au risque selon l'analyse des 
donnees de terrain furent extraites de l'imagerie Landsat et SRTM. Elles comprenaient 
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l'eloignement, la densite de la population et la diversite economique. Les donnees 
satellitaires utilisees pour ce projet sont issues de plusieurs sources (tableau 3.1.2). 
Tableau 3.1.2 Details des donnees satellitaires 
Satellite/capteur 
lkonos-2 
Landsat MSS, 
TM et ETM 
SRTM 
Resolution (m) 
Multispectrale : 4 
Panchromatique :1 
Bandes 1 a Set 7: 
30 
90m 
Disponibilite 
des images 
A un cout, 
surdemande 
Gratuit, fibre 
acces pour 
images de 
certaines 
dates 
couvrant 
toute la Terre 
Gratuit, libre 
acces 
couvrant la 
Terre 
Disponibilite 
temporelle 
Ponctuel, 
recent (2000 
a 2002) 
Serie 
temporelle 
(dernieres 30 
annees) 
Ponctuel 
Couverture 
Toutes les 
villes 
majeures 
de I'lrak 
Tout le 
pays 
Tout le 
pays 
Les images Landsat ont constitue la base de donnees primaire pour les deux phases du projet. 
L'etalonnage radiometrique des images TM et ETM est absolu. L'approche de pretraitement 
des images Landsat repose sur la confirmation par plusieurs auteurs qu'une correction 
radiometrique satisfaisante ne peut etre effectuee que si les variations associees a la 
topographie sont considerees (Hill, 1993; Richter, 1997 ; Mehl, 2004). Ceci est 
particulierement important pour un site de forte topographie tel que le notre au nord de lTrak. 
Les corrections atmospheriques et topographiques ont ete appliquees simultanement sur les 
images orthorectifiees. Les images furent telechargees du site Internet de l'Universite de 
Maryland (http://esip.umiacs.umd.edu/index.shtml). Le modele numerique d'altitude (MNA) 
utilise est celui de la mission SRTM {Shuttle Radar Topography Mission), de resolution de 
90 m, telecharge du site du USGS {United States Geological Survey, http://srtm.usgs.gov/). 
Bien que les images soient deja orthorectifiees, la correspondance entre les MNA et les 
images est primordiale au succes de la correction topographique. Une evaluation de cette 
correspondance a ete effectuee grace a une methode automatique utilisant un code appele 
FINDGCP pour la detection de points de liaison interbandes (Mehl, 2004). 
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Une fois la classification validee par les sites d'entrainements provenant des images Ikonos 
prealablement georeferencees, le modele de risque final a ete cree. Ce modele produit une 
matrice desagregee a une resolution de 90 m, caracterisant le risque de la population pour 
chacun des pixels. La methodologie est ensuite transferee a une serie temporelle pour etablir 
les changements du niveau de risque dans le temps et l'espace. En outre, les evenements 
perturbateurs, aussi connu comme les facteurs de stress, y sont associes. 
Cette etude demontre qu'un modele spatial du risque peut etre genere a partir d'indicateurs 
environnementaux quantitativement associes aux elements contribuant au risque. Les 
indicateurs environnementaux peuvent a leur tour, etre derives des images satellitaires. Mais 
bien qu'il soit possible d'associer un niveau de risque aux pixels composant le site d'etude, il 
est difficile d'interpreter les causes contribuant au risque si elles sont differentes de celles sur 
lesquelles le modele de risque a ete calibre. Toutefois, une analyse des causes du risque peut 
etre faite a posteriori en associant un evenement historique avec le type de changement 
d'occupation du sol sur le plan temporel. 
Deux sites d'etudes sont explores pour ce projet: La Vallee Jafati et le sud de la province de 
Dahuk. Le premier site d'etude couvrant la Vallee Jafati a montre des changements 
d'occupation du sol lies uniquement a l'utilisation du sol et done aux activites anthropiques. 
II y avait une nette redistribution de terres agricoles en pres, des terres boisees de montagne en 
terres cultivees et un grand nombre de zones baties ont disparu. Plus de 80% de ces 
changements ont eu lieu dans les zones etiquetees comme etant a 'haut risque' selon le 
modele. Cette observation exclut les changements occasionnes par des evenements 
meteorologiques. 
Les resultats du site de la Vallee Jafati different de ceux observes au site de Dahuk ou les 
changements d'occupation du sol ont eu lieu dans seulement 63% des endroits etiquetes 
comme etant a haut risque. Puisque le modele a ete calibre en utilisant les donnees de terrain 
sensibles aux variables liees au conflit, ces resultats suggerent que les changements 
d'occupation du sol sont lies a un ou plusieurs autres facteurs. Pour le site de Dahuk, lieu de 
la derniere Campagne Anfal, les changements de 1987 a 1989 etaient principalement de pres a 
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sol nu et de sol nu a terrain rocheux. Ces changements suggerent une perturbation 
meteorologique et de plus, l'absence de changements entre 1989 et 2001 suggere que 
l'agriculture n'etait pas en expansion. Ceci correspondant simultanement a une forte 
croissance de l'industrie petroliere, nous presumons a une conversion de secteur economique 
pour la region. 
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Abstract 
Conflicts can modify features in the landscape directly by causing damage to built-up 
areas or to the environment; or indirectly as the result of the changes in the way of life 
of its inhabitants and the use of natural resources. Conflict-induced changes in 
lifestyle may be associated to changes in population vulnerability. This study focuses 
on the environmental indicators for population vulnerability, an important parameter 
contributing to risk assessment for humanitarian aid distribution during and after 
conflict. 
These environmental indicators for population vulnerability are first identified using 
field data and are then derived from satellite data. The satellite data-derived indicators 
are used as model input to create a risk map for two areas in Northern Iraq that were 
targeted during the Anfal Campaigns in 1987 and 1988: Jafati Valley and the southern 
region of Dahuk. The satellite-driven model is further applied to three dates for the 
same study areas: 1987, 1989 and 2001. The output describes the risk level within the 
region for each of the dates studied, and the changes which occurred in Northern Iraq 
as the result of the Anfal Campaigns. 
Results show that spatial-based hazard risk assessment is possible using environmental 
indicators derived from Earth Observation data. For conflict-driven changes in the 
Jafati Valley study area, there is an apparent change in human activity, manifested as a 
conversion from agricultural land to grassland, the harvesting of rural mountainous 
woodland and the net disappearance of built up areas. For this study area affected by 
conflict, 86% of the regions where these land cover changes occur were labelled as 
being at risk according to the model output. In the second study area, 63% of the 
changes in land cover occur in the regions labelled as being most vulnerable. Further 
research on this second study site shows that the area was affected by climatic and 
economic factors rather than conflict. 
Keywords: Feature-based classification, image segmentation, built-up areas detection, Iraq, 
Anfal, risk-assessment, population vulnerability, humanitarian aid 
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3.1.1 Introduction 
In crisis management the efficiency of prioritising and targeting the individuals at risk 
depends not only upon the feasibility of defining the group at risk but also on the cost of 
identifying this high risk group. Current operational humanitarian aid work depends upon 
indicators from field data. Field data is precise and of high quality, but is expensive to gather 
and to keep up to date. According to the WFP (2001), it may actually be less costly to 
generalize aid instead of taking the time and resources to identify a specific population, yet as 
stated in Stephan (in Bankoff et al, 2004), within-region classification is important in order to 
efficiently target humanitarian aid. When field data is unavailable, researchers are forced to 
rely upon global indicators, extrapolated indicators, and inferred indicators. In fact, it is the 
lack of field information which often forces donors to make uninformed decisions (Darcy and 
Hoffman 2003). In other words, the impacts of a disaster may be evaluated on factors which 
are dissociated with the actual coping mechanisms of the population. Satellite imagery and 
geographical information systems (GIS) are low-cost compliments, and sometimes 
alternatives, to field work (Cicone et al, 2003). 
In the last decade technology and science has been used to support humanitarian aid 
(Wackernagel and Yount, 1998, Schiller et al, 2001; Lambin et al, 2001; Wackernagel and 
Turner et al. 2003; RASSP, 2003). Remote sensing and security, terms which are not usually 
associated, have found a common platform within the GMOSS network {Global Monitoring 
for Security and Stability), whose mandate is to support research for new applications of 
satellite-derived imagery to security issues. This study focuses on human security and 
contributes to the GMOSS objectives by proposing applications of Earth observation tools for 
assessing risk to human security in post-conflict situations. This risk assessment implies the 
quantification with satellite-driven data, of factors contributing to risk: vulnerability and 
population density. This kind of information contributes directly to identifying areas most at 
risk and helps to better target humanitarian aid following a conflict. 
When a disaster unfolds over a region, the direct effects are often visible on the landscape. 
The effects of a disaster on the inhabitants also may also be manifested as changes in the 
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environment through changes in land use. Thus environmental indicators, measurable at 
different spatial scales, can be used as a method for interpreting risk. According to Hilhorst 
and Bankoff (in Bankoff et al, 2004) vulnerability is the key to understanding risk because it 
is a measure of exposure to risk from different types of hazards. Vulnerability is a variable 
state which encompasses several political, social and environmental elements; which varies 
according to the type of hazard; and which furthermore, can change according to the spatial 
scale of perspective, from individuals to regions. Thus this concept is central in assessing 
risk. In this study, Earth observation tools are used to break it down into its contributing 
components and develop spatial indicators for contributing components. This study focussing 
on population risk assessment, concentrating on a site in northern Iraq, was carried out using a 
time-series of Landsat satellite imagery (from 1987 to 2001) and the SRTM mission imagery. 
3.1.1.1 Basic concepts: Risk, hazards, vulnerability and exposure 
According to De Leon (2006), pre-existing social, economic, physical and environmental 
conditions dictate the level of damage afflicted by disasters. It is necessary however, that 
some event triggers the disaster. The pre-existing conditions themselves are referred to 
comprehensively as the level of vulnerability and the level of damage is dependant on the type 
of hazard. These inter-dependant concepts can be integrated into a single one: Risk. The 
concept of risk within the context of this study refers to the probability of damaging 
consequences on a population for a given hazard, in a given area. Schneiderbauer and Ehrlich 
(2004), referring to the risk equation proposed by UNDRO (1979), and used in natural 
disaster studies (Peduzzi et al. 2002; Dilley et al, 2005; De Leon, 2006) describe the three 
elements contributing to risk as shown in equation 3.1.1: 
Raz=Haz*Ea*Vaz (eq. 3.1.1) 
where 
R = risk 
H = hazard 
E = exposure (number of persons in area concerned) 
V = vulnerability 
a = geographic region 
z= type of hazard 
The three elements in the equation are multiplied thus if one of the factors is null, the risk is 
equal to zero. 
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The hazard is defined as a potential threat to humans and their welfare, and can be divided 
into two main categories: Anthropogenic and natural (Peduzzi et ah, 2002). Within the 
context of this study, the hazard of interest is anthropogenic and its effects are manifested on 
the environment. Although the hazard may manifest itself in an even manner throughout the 
study area, the level of risk depends on two other factors: population vulnerability and the 
number of people exposed. 
While the number of people exposed is straight-forward, vulnerability is more complex. 
According to ISDR, 2004 (cited in De Leon 2006), vulnerability is a set of conditions 
resulting from physical, social, economic and environmental factors. The physical factors 
refer to (1) population density; (2) settlement remoteness and location; (3) construction 
materials for infrastructure. Social factors encompass (1) gender; (2) health; (3)literacy; (4) 
education; (5) peace and security; (6) human rights and social equity. The third factor 
contributing to vulnerability is economic: (1) economic diversity; (2) debt. In this study, the 
sub-elements cited above are first weighted for their global contribution to vulnerability 
through the analyses of field data and are then derived from satellite imagery. . 
3.1.2 Study area and geopolitical context 
The northern region of Iraq was selected for the case study because its recent history is very 
dynamic and has been well documented. Although the area is composed of several ethnic 
groups, it is dominated by Kurds. The Kurds of Northern Iraq have a complex history which 
is described in detail by various authors (Arfa, 1966; Kinnane, 1964; Chaliand, 1978). The 
long struggle for independence (Kinnane, 1964) of the Iraqi Kurds was riddled with 
oppression by the Iraqi governing body. Figure 3.1.1 shows the study area in northern Iraq. 
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Figure 3.1.1. The study area in northern Iraq. 
Between February and September 1988, the Anfal campaign, whose scope was to suppress 
opponents to the Ba'ath Party Regime, took place. Eight of these campaigns were carried out 
in six regions in northern Iraq. Four thousand and forty-nine villages were destroyed in three 
Northern governorates (Erbil, Dahuk and Sulaymniyah). Only six hundred and seventy-three 
were still standing after 1988 (Human Rights Watch, 2003). Although the exact number of 
casualties is unknown, it has been estimated between 100 000 and 130 000 (Human Rights 
Watch, 2003). Figure 3.1.2 shows the attacks during the various phases of the Anfal 
Campaign throughout the three governorates Dahuk, Erbil and Sulaymaniyah. The areas 
traditionally considered under the control of the Patriotic Union of Kurdistan (PUK) and the 
Kurdistan Democratic Party (PDK) overlay figure 3.1.2. The first, second and third attacks 
came in the PUK-controlled region. 
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Figure 3.1.2. The Anfal Campaigns sites and the satellite image availability for the study area. 
Two study areas in Northern Iraq are selected based on image availability: Jafati Valley 
located in the governorate of Sulaymniyah northeast of the country and the southern rim of 
the governorate of Dahuk at the northern tip of the country. These sites correspond to 
targeted regions for the First and Final Anfal Campaigns respectively. These areas are 
geographically small enough to allow the assumption that the political and socio-economic 
situation throughout the areas is homogeneous. 
3.1.3 Methods 
The approach of this study was to identify the indicators from field data linked to risk in 
conflict situations and to transpose these field-derived indicators to those that can be derived 
from satellite imagery. The approach involved (1) the identification of environmental 
indicators for risk using field data; (2) modelling field-data to spatially represent risk; (3) 
deriving the same or similar environmental indicators for risk using satellite data; (4) 
modelling risk using these satellite data driven indicators; (5) modelling the satellite data 
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driven indicators to represent risk; (6) applying the satellite data driven model to a temporal 
series of images to quantify changes in risk over time. 
In the first part of the study, field data was processed. In the second part of the study, the 
indicators for risk that were identified and validated using the field data were sought using 
remote sensing data. In the third part of the study, the satellite-driven model was then applied 
to the two study areas in Northern Iraq for a different conflict situation, the Anfal Campaigns, 
occurring two decades prior to the Gulf War. Three risk maps are generated per area within 
the study site, corresponding to the three years of interest: One year prior to the Anfal (1987), 
one year after the attacks (1989) and a decade later (2000 or 2001). The changes in the level 
of risk for the population in the study areas were compared. 
3.1.3.1 Mapping vulnerability using field data 
3.1.3.1.1 Field database description 
The Rapid Assessment Program (RAP), a database of information collected in settlements 
during the summer of 2003 at the end of the second Gulf war, was used for this study. Over 
120 variables are recorded in the database (Benini and Ross, 2003). The RAP was conducted 
under the supervision of the United Nations Joint Humanitarian Information Centre (JHIC) 
for Iraq, headquartered in Erbil. Seven thousand villages in Northern Iraq were visited of 
which 300 were found abandoned. Of the remaining villages, only those which had over 20 
inhabitants or a mosque were surveyed. The RAP used in this study covers the remaining 
5694 villages surveyed for the Northern governorates. Some variables refer to factors which 
were unchanged by the war while others refer to the situation as a direct result of the war. 
Those variables in the database which did not contain at least 30% of entries were not 
considered. 
3.1.3.1.2 Field data preparation 
The exposure and vulnerability elements of the risk equation (eq 3.1.1) were quantified using 
the field data. Exposure refers to the number of people living in the area affected by the 
hazard. The population numbers were provided in the RAP database and were included as 
settlement points. 
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The vulnerability component was integrated through the development of a complex indicator. 
First, the following classes related to vulnerability were created by re-grouping RAP 
variables: Demographics, sanitation, water, infrastructure, food availability, education, 
healthcare, services, economy and housing quality. Table 3.1.3 shows the layers as they were 
reclassified. The layers were regrouped based on an initial analysis of the spatial relationships 
among variables within the same category. This data was then divided into two subsets: data 
relating to the situation on in the field prior to the 2nd Gulf War ("pre-war") and data relating 
to the situation in the field as the result of the 2nd Gulf War ("post-war"). Though all results 
from the RAP were taken after the onset of the war, the pre-war data, so defined because they 
are conflict-independent, were used as explanatory variables, as input to model the situation 
after the war. The response variable consisted of a single indicator for population derived 
from the post-war data. The pre-war dataset was modelled to simulate the situation in the 
field after the war and was then validated by the post-war dataset. 
The remoteness variable (class 11 listed in table 3.1.3), refers to the ease with which 
inhabitants could reach services. Based on the hypothesis that the choice of market town was 
made primarily on the ease of reaching the destination, physical features of the landscape 
were used as sources of input for a multiple regression analyses in order to determine which 
variables contributed to the choice of market towns for inhabitants of settlements dispersed 
over the study area not having markets available in their own towns. The choice of market 
town became an indicator for remoteness that could be validated by using the information 
about the preferred market towns listed in the RAP dataset. Of the input variables, the 
relationships between remoteness and the following variables were tested (1) Proximity to 
services, (2) Proximity to roads, (3) Road conditions, (4) Terrain slope between populated 
place and services and (5) Natural barriers: water bodies and extreme topography. 
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Table 3.1.3. Description of the reclassified input variables from RAP. 
Class 
1. Demography 
2. Sanitation 
3. Water 
4. Infrastructure 
5. Food availability 
6. Education 
7. Healthcare 
8. Services 
9. Housing 
1 ".Economic 
diversity 
11. Remoteness 
12.Population 
numbers 
Variables included in class 
Internally displaced persons, female-
headed households, children under 
5 years of age, children without 
caregivers 
Raw sewage, human waste, 
garbage, smell, sewage treatment 
plants functioning 
Dinking water, water treatment plant, 
compact water units, water storage 
tanks 
Government offices , warehouses, 
grain silos, fuel storage tanks, 
electrical stations, electrical pylons, 
fuel (diesel, mazot and cooking fuel), 
electricity 
Markets functioning and opening 
hours bakeries, food rationing 
system functioning, overall food 
situation 
Schools 
Healthcare centres, healthcare 
workers and other medical 
resources available 
Educational institutions, markets, 
government offices, bakeries, 
gas/petrol availability, diesel 
availability, healthcare facilities, 
piped water per day 
Housing quality 
Populated placed for which the 
economy is based on agriculture, 
livestock, petroleum, services, 
government, industry, and 
commerce; 
Ease of accessibility. Described 
further in this section. 
Raw population numbers used 
Variable data type 
All variables in total numbers 
and percentage relative to 
total population 
- Boolean for raw sewage, 
waste and garbage: 0=no 
evidence, 1=evidence 
-Smell is rated on a scale 
from 1to5 
-Sewage treatment plants is 
kept in raw numbers 
-Hours per day 
- Count for offices functioning 
- Size of storage facilities 
- Fuel availability per day 
- Electricity hours per day 
Opening hours of markets 
are compounded to reflect 
overall importance of market, 
Hours of operation 
-Healthcare centre hours of 
operation 
-Healthcare staff trained and 
available 
-Count for functioning 
services 
Percent of total houses that 
are made of mud 
Boolean : 0=no, 1=yes for 
each economic mainstay 
true distance * slope * cost 
(eq. 3.1.2) 
Indicator category 
Post-war 
Pre-war 
The remoteness variable differs from Euclidean distance measures in that it calculates the 
efficiency of travel, not only the distance of travel. The input factors that helped to establish 
the efficiency of travel through the cells included digitised roads, water bodies, topographic 
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features and population numbers. The formula used to express the cost to move from one 
pixel to the next, or remoteness, was the following: 
CosttotaP true distance * slope * costiocai (eq 3.1.2) 
This equation was calculated for each point on the map from the service towns with the 
assumption that the traveller would make a return trip. The true distance between each point 
on the map and the service town was calculated taking the terrain topography into 
consideration by using the slope to calculate true distance using Pythagorean's Theorem. The 
slope variable was integrated as the likelihood of travel decreasing linearly as slope increases. 
It was assumed to be highly unlikely to travel on slopes greater than 30 degrees. 
Consequently the slope angle was cut off at ±30 degrees (negative values referred to downhill 
directions from the map points to the service towns). 
It is the "cost" factor which varied in the trials. Grids were created to represent the cost of 
moving from pixel to pixel as it was related to roads and water bodies. Roads were divided 
into three classes (in order of decreasing road quality): primary roads, secondary roads, and 
cart paths. This division considered the practicability of travel for seasons. A map for each 
road type was built based on the half life principle, whereby the probability of travelling 
decreased exponentially as a function of distance (and the cost of travel increased). The 
distance which was established, the rate of decay, was 100 m. 
rfln2 
Costn=ed"2 (eq. 3.1.3) 
Where dm was the decay distance of 100 m. The three maps were combined using the 
following relationship: 
Costtot =(Costmrt *0.1) + (CostKC *0.35) +(Cost^ *0.55) (eq. 3.1.4) 
where 
Costtot=Total road accessibility 
Costcart= Value at map point from half life calculation of cart paths 
Costsec= Value at map point from half life calculation of secondary roads 
CostPrim= Value at map point from half life calculation of primary roads 
The water bodies were assigned the highest cost for travel and incorporated into the model. 
This layer was either combined with the roads layer to form a total cost map, or used 
independently. Table 3.1.4 shows the results of various trials, the accuracy level was based 
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on ground truth data; on the actual choice of the inhabitants of the test area. According to 
these tests, the most pertinent parameters linking populated places and their choice of market 
towns were road quality and proximity and topography (table 3.1.4, trial 5). 
Table 3.1.4. Parameters affecting the choice of market towns. 
Trial 
1 
2 
3 
4 
5 
6 
7 
8 
Rivers 
X 
X 
X 
Lakes 
X 
X 
X 
X 
X 
Roads 
X 
X 
X 
X 
X 
Slope 
X 
X 
X 
X 
X 
X 
True distance 
X 
X 
X 
X 
X 
X 
X 
% accuracy 
40.16 
40.86 
26.04 
4.79 
52.98 
40.16 
24.19 
42.24 
Rivers and lakes were not included in the remoteness model because their depth, seasonality 
and the locations of bridges were not known. 
3.1.3.1.3 Modelling field data 
The post-war data, the validation dataset for the field-based part of this study, was calculated 
as the average of the six post-war variables described in table 3.1.3 for each populated place. 
The semi-variogram sill of the point values reached a plateau at the 6 km range, indicating a 
spatial tie with a radius of this size. A continuous grid was interpolated using the kriging 
interpolator based on these results(figure 3.1.3). 
70 
Tooz ^^>-s ;-¥#-t 
• settlements 
^ market towns 
population vulnerability 
m m low 
I | district 
•Kilometers 
0 5 10 20 30 40 
Figure 3.1.3. The population vulnerability map after the Gulf war, derived from RAP field data. 
The relative influence of each of the remaining pre-war explanatory variables for each 
populated place to the compounded post-war factor per populated place, were identified using 
a regression tree model which is based on binary recursive partitioning. This regression tree 
showed which and to what degree each of the independent variables explained the variance in 
the response variable best and at which thresholds. The regression tree was produced using 
S+ software. The results of the analysis of the relationship between population numbers and 
the post-war vulnerability map showed that a climax was reached for settlements of 
populations between 750, 1100 and over 6200. The least vulnerable settlements had 
populations between 1100 and 6200. The population data was reclassified according to these 
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criteria. In terms of housing quality, vulnerability was influenced by settlements with 
percentage increments of 0-9, between 9 and 39 and greater than 90. The remoteness factor 
showed influence at intervals of 0 to 0.006, 0.006 to 0.023, and greater than 0.023(figure 
3.1.4). 
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Figure 3.1.4. The regression tree for post-war vulnerability vs. the pre-war vulnerability. 
In summary, the profile of a vulnerable town would be an easily accessible one with a 
population between 750 and 1100 or over 6200, depending on less than an average of 2.14 
activities. This insinuates that small, remote communities are not necessarily vulnerable; 
poverty, as described by the housing quality, does not imply vulnerability. In situations where 
community profiles are similar, economic diversity is the determining factor, densely 
populated suburban but poor areas are most vulnerable. The profile of a town with a low 
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vulnerability level is a small remote town with a small population, based on several different 
economic activities, regardless of poverty. Although this indicator for poverty (housing 
material) cannot be detected using medium-resolution satellite data, it could be considered for 
studies using very-high resolution imagery. Therefore the two variables used to describe 
vulnerability are remoteness and economic diversity. 
The tree model did not however show whether the links between the explanatory and the 
dependant variables were significant. Since the datasets did not follow a bell-curve shape, the 
Spearman's non-parametric rank test was applied for this task. According to the Spearman's 
rank test, there was a significant correlation among the explanatory variables and the ground 
truth for vulnerability when testing the thresholds provided by the regression tree model. 
The semi-variograms of the individual pre-war input factors were analysed. The maps were 
then reclassified according to the information retrieved from plotting the post-war indicator 
and the pre-war indicator. The results were used to reclassify the three individual grids into 
three classes, coded from 1 to 3 respectively: Safe, at medium risk, at high risk. The 
population factor is included for settlement points plus a buffer region of 200m and the 
individual layers were then added. 
3.1.3.2. Mapping vulnerability using satellite data 
The result of the step by step regression analyses of the indicators derived from field data 
showed a significant relationship between risk and remoteness, economic diversity and 
population density. Based on the results from the analyses of indicators derived from field 
data, the significant pre-war variables from the RAP were examined to determine whether 
satellite imagery could be used to derive them. Two sources of imagery were selected for the 
study: Landsat and Shuttle Radar Topography Mission (SRTM). The study site was chosen 
because of the availability of multi-date Landsat over the area that experienced conflict. The 
radiometric values of the Landsat satellite imagery were normalized in order to minimize the 
illumination, atmospheric and instrumental variation between multi-temporal images. 
The 30-m resolution Landsat satellite images cited in table 3.1.5 were downloaded from the 
Earth Science Data Interface (ESDI) at the Global Land Cover Facility (University of 
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Maryland). This dataset, sponsored by NASA, is provided in a standardized, orthorectified 
format and was created in order to support scientific studies. Accuracy and other aspects of 
this dataset are detailed in Tucker et al. (2004). 
Two areas are covered by multi date Landsat images allowing change detection study between 
1987, 1989 and 2000: Jafati Valley in the Sulaymaniyah governorate, and a region south of 
Dahuk governorate. 
Table 3.1.5. Details of the image database of the study site. 
Study site Sensor Path Row Acquisition date 
TM 
TM 
ETM 
TM 
TM 
ETM 
IKONOS 
170 
170 
170 
168 
169 
168 
94 
95 
34 
95 
94 
35 
1989-07-30 
1987-04-28 
2001-13-06 
1989-06-30 
1987-06-24 
2000-08-31 
2002-03-26 
The images overlap for the following coordinates for the Jafati Valley study area: Upper left 
36° 40' 4.20" N, 44° 41' 13.30" S; Lower right 35° 39' 48.80" N, 45° 18' 33.95" S. 
Shuttle Radar Topography Mission (SRTM) data were used in the study to create the digital 
elevation model. SRTM is an interferometric SAR which provides elevation data for almost 
all of the Earth's land mass. The NASA instrument was aboard Space Shuttle Endeavour for 
a short mission in February 2000 whereby the data was collected to build the elevation model. 
This digital terrain model is currently available to the public in an unedited format at a 
precision level of 3-arc seconds at ftp://e0mss21u.ecs.nasa.gov/srtm/. 
3.1.3.2.1 Image pre-processing 
To compare image information from the different dates and to account for seasonality in the 
Landsat imagery, the images were calibrated into absolute values. Both multispectral and 
thermal bands were pre-processed for each of the images used in the study. 
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The multispectral images were corrected for absorption and scattering properties of the 
atmosphere in order to show the true reflectance values of the Earth's surface based on a 
procedure detailed in Hill (1993) and Mubareka et. al. (2008). This is an important step 
because the rules used in the fuzzy logic classification described later involve absolute 
spectral reflectance values. In the absence of atmospheric corrections these rules would have 
to be altered for each image. 
The ETM image was transformed into top-of-the-atmosphere (TOA) reflectance values using 
the published values in the metadata which accompany the images and are available on the 
Earth Science Data Interface. Scene-specific Angstrom coefficients were estimated per image 
in order to determine optical depth. A topographic correction was integrated into the 
algorithm for atmospheric correction with a scene-specific Minneart constant which were 
estimated using aspect and slope values from the digital elevation model, which in turn, were 
derived from the SRTM data. Since aspect and slope were estimated from this 3-cell 
elevation matrix, the input DEM must have a resolution at least as good as the input image 
itself (Hill, 1993). The original 90-m resolution SRTM data was therefore re-sampled to 30m 
to match the ETM resolution. 
The thermal images were pre-processed to exoatmospheric radiance values using values 
published by the Landsat program (Weng et al, 2004). The thermal image was transformed 
to °C (0°C =273.15K). The effect of the elevation and slope on true temperature values was 
approximated using the relationship described in Warner and Chen (2001) and Vicente-
Serrano et al. (2004). As the elevation increases, the temperature tends to decrease. The 
factor depended on the season in which the image is taken: For late summer images (July and 
August), the temperature gradient was of 4.6°C per 1000m of elevation and for the spring and 
early summer (late April and June), the temperature gradient is less pronounced at 1.4°C per 
1000m. 
3.1.3.2.2 Image processing 
The images from 1987, 1989 and 2000 for the test areas were also normalized to account for 
illumination, atmospheric and platform differences. Nine image layers were used as input for 
the image segmentation and subsequent classification for each of the years. Six are the 
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Landsat multispectral bands 1-5 and 7. The seventh input is the normalized difference 
vegetation index (NDVI), (BNiR-Bred/BNIR+Breci) a well known method for approximating 
green vegetation vigour and was used in this study to discriminate between subtle differences 
in green vegetation cover. The eighth and ninth band were soil moisture, in which 
temperature plays in integral part; and the flow direction map generated using the SRTM data. 
A procedure to differentiate soil types, detailed in Vincente-Serrano et. al (2004), is applied: 
The NDVI layer is normalized in order to eliminate all negative values and the fraction of 
vegetation cover (Fr) is estimated by using the following relationship: 
[NDVI-NDVImin/NDVImax-NDVImin]2 (eq. 3.1.5) 
As shown in figure 3.1.5, the resulting Fr map is sliced into masks representing 10% intervals 
of fractional cover. The temperature values, calculated using the thermal band 6 of the 
Landsat imagery, were extracted under each of these masks. They were then rescaled from 0 
to 1, with 0 representing high temperature and 1 representing low temperature. This 
corresponds to 0 representing low moisture and 1, high soil moisture. The masks were 
assembled and a median 3x3 filter is passed to smooth the resulting image. 
Another input layer for the image classification is the flow direction. Identifying the flow 
direction of the topography helped to identify watersheds which in turn assisted in classifying 
active rivers and dry river beds, the latter being spectrally identical to bright soil. The flow 
direction map, created using the SRTM data, was the result of selecting the steepest down 
slope neighbour for each pixel, thus most likely to receive the most water accumulating from 
upstream cells. The resulting map was used as input in the coarsest layer of segmentation and 
hierarchical classification. 
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Figure 3.1.5. The procedure for estimating soil moisture using Landsat imagery. 
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The nine image layers, Landsat bands 1-5 and 7, soil moisture, NDVI and flow direction, 
were segmented at different spatial scales using eCognition software (table 3.1.6). 
Table 3.1.6. The parameters used to segment the images. 
Level 
1 
Level 
0 
Level 
2 
Level 
3 
scale 
1 
0.5 
4 
50 
Shape/color 
0.1/0.9 
0.1/0.9 
0/1 
0/1 
Compactness/ 
smoothness 
0/1 
0/1 
0/1 
0/1 
Weights 
ETM1-
5&7 
1 
1 
1 
0 
Soil 
moisture 
1 
1 
1 
0 
NDVI 
1 
0 
1 
0 
Flow 
direction 
0 
0 
0 
1 
Diagonal pixel 
neighbourhood 
True 
(true) 
(true) 
(true) 
The borders of the resulting segments were then optimised in order to enhance linear features 
such as roads and rivers. 
The object oriented classification began with an assessment of the characteristics of various 
land cover types for the different textural, object-oriented and spectral properties. Fuzzy logic 
criteria were then used to describe, for various bands and at three different scales, the land 
cover types present in the images. The input bands used in the fuzzy logic classification were 
a combination of both spectral and spatial information which were derived from the 
segmentation process. Often the class to which a segment was assigned depended upon the 
class to which the segment at a coarser spatial scale belonged. In the study area, the classes 
which depended on context were 
• Urban areas vs. bare soil 
• Bare agricultural lands vs. ordinary bare soil 
• Urban parks vs. natural woodland 
• Urban fields vs. grassland 
The criteria which was used to differentiate between these classes were 
• Proximity to built-up areas 
• Shape and size (for agriculture) 
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The rules for the classification of the segments are detailed in (table 3.1.7). 
Table 3.1.7. The criteria for classifying segmented Landsat images. 
Class 
Watershed 
Built-up 
Dry riverbed 
Dry vegetation 
Grassland 
Non-vegetated 
agriculture 
(harvested or 
barren fields) 
Roads 
Sand 
Silt-loam 
Crop 
Sub class 
Dry crop 
Dry grassland 
Green rural 
grassland 
Green urban 
grassland 
Dry harvested 
Moist harvested 
Rural crop 1 
Rural crop 2 
Urban crop 
Processing 
level 
4 
2,3 
2,3 
3 
2 
2 
3 
2 
2 
3 
2 
2 
2,3 
2,3 
2,3 
3 
2 
2 
2 
Spectral 
information 
used? 
No 
Yes 
yes 
Yes 
No 
No 
Yes 
No 
No 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
Features 
GLCM homogeneity in all 
directions 0.51-0.62 inclusive 
-Distance to H20 objects 
>20..30m 
-Length/Width <2..4 
-meanETMb7>0.18..0.19 
-mean soil moisture >0.22..0.25 
-Existence of "watershed" super 
object 2 layers up (in L4) 
-Length/Width of sub-object 
>7..9 
relative area of "managed land" 
neighbour (10pixel) >0.44..0.55 
relative area of "managed land" 
neighbour (10pixel) <0.44..0.55 
relative area of "managed land" 
neighbour (10pixel) <0.44..0.55 
relative area of "built-up" 
neighbour (10pixel) >0.4..0.6 
- Average mean difference to 
neighbours of sub-objects for 
Soil moisture band =0.0075-
0.0116 (inclusive) 
-Existence of super-object at L3 
-Not dry river bed 
Existence of super-object at L3 
-Density <0.74..1 
-Width < 100.. 120m 
-Mean soil moisture <0.4..0.41 
-Relative border to H20 objects 
>0.34..0.40 
-Mean soil moisture <0.38..0.4 
-Relative border to H20 objects 
>0.34..0.40 
Average difference to neighbour 
sub-objects Soil 
Moisture>0.024..0.031 
-Crop super-object exists 
-NDVI 0.32-0.42 
-Soil moisture >0.32..0.31 
-Crop super-object exists 
-NDVI >0.41 ..0.42 
-Crop super-object exists 
-Relative area of built-up 
neighbours (10pixels) 
Notes 
Deactivate for 
levels 2 and 3 
Need to classify 
in L3 for riparian 
forest feature 
criteria 
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Woodland 
Water 
Shadow 
Bare soil (other) 
Bare rock 
(shadowed) 
bare rock (sunlit) 
Rural woodland 
Riparian forest 
Urban 
woodland 
Deep water 
Shallow water 
3 
2 
2 
CVI 
3 
2 
2 
3,2 
2 
2,3 
2,3 
Yes 
No 
No 
No 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
>0.5...055 
-Woodland super-object exists 
-Relative area of built-up 
neighbours (10pixels) 
<0.5...055 
-Woodland OR dry river bed 
super-object exists 
-Distance to water <200..250m 
-Woodland super-object exists 
-Relative area of built-up 
neighbours (10pixels) 
>0.5...055 
ETM5 <0.014..0.02 
ETM5>0.01..0.015 
-Existence of watershed super-
objects negative 
-Relative area of water 
neighbour objects <0.1 ,.0.15 
Existence of Managed Land 
super objects negative 
Existence of Managed Land 
super objects negative 
Relative area of Managed Land 
(10pixels)<0.54..0.6 
The class hierarchy based on spectral and textural indicators differs from the class category 
hierarchy which was based upon contextual indicators. For example, for the parent class 
"Vegetation" both urban and rural vegetation were included with respect to spectral and 
textural properties but in the final classification, "urban vegetation" fell under the "Managed 
land" parent class while "rural vegetation" could belong to either "Unmanaged land" or 
"Managed land", depending on whether or not it was agriculture or wilderness. The same was 
true for "bare soil", which could either be harvested agricultural land or barren land. The 
spectral reflectance was similar in both cases but the parent class was different. In this study, 
the change detection is made for both the individual classes and for the following land use 
classes: Unmanaged, managed, water and no data. The classes were grouped as follows: Dry 
vegetation, grassland, sand, woodland, bare soil (non agricultural) and bare rocks were 
classified as unmanaged land; built-up areas, roads and agricultural areas, whether harvested 
or cropland, were classified as managed land. Water consisted of a third class and included 
shallow and deep water and dry riverbeds. A fourth class was used to describe unclassified 
segments and shadow (table 3.1.8). 
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Table 3.1.8. Amalgamation of land cover classes to land use categories. 
Parent class 
Unmanaged 
Managed 
Water 
No Data 
Class 
Dry vegetation 
Grassland 
Sand 
Woodland 
Bare soil (other) 
Bare rock (shadowed) 
bare rock (sunlit) 
Built-up 
Non-vegetated agriculture (harvested or barren fields) 
Roads 
Crop 
Dry riverbed 
Water 
Silt-loam 
Unclassified 
Shadow 
3.1.3.2.3 Modelling satellite data 
In order to calibrate the model, single-date Landsat image corresponding to 2000 for the Jafati 
Valley study site and 2001 for the Dahuk site, were used. The three parameters that were 
previously quantitatively linked to vulnerability: Remoteness, population density and 
economic diversity; were quantified using the satellite imagery. Each of these parameters was 
a complex indicator whose calculation is described below. 
Having established that remoteness is a significant indicator for vulnerability through the field 
data trials, a complex indicator for remoteness using satellite data is developed. The result is 
a continuous map with a 90m resolution depicting the degree of isolation for each point within 
the study site. Fifty-three percent of the populated places were correctly assigned to the 
market solicited by their inhabitants with this model. The differences in the model and the 
ground truth can be attributed to a number of factors, especially the impossibility of 
identifying the very small populated places using Landsat data. This is important because 
they were not included in the model as seeds and the market assigned to them via the model 
was due to the influence of the larger towns in their proximity which were detected via 
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satellite. Other influences which were not measurable using information derived from 
satellites were social and economic factors such as the type of produce available in the market 
and demographics of the towns including information about restaurants, shops and farmers 
producing the goods. 
Each of the components for the remoteness indicator were derived from the satellite data. The 
roads were derived from the estimation of these based on the hypothesis that roads were built 
following the valleys in this mountainous area. The built up areas that were detected via 
satellite are used as seeds to assess the most likely passage of roads. The topographic factors 
linked to remoteness in the field-based model were derived from the SRTM data. Results 
showed that there was a good correlation between primary and secondary roads and the road 
map derived from SRTM (r=0.556, pO.OOl; figure 3.1.6). The "quality" of the roads was 
attributed based on the location of the larger towns which were detected via satellite. There 
were only two categories in this satellite-based map for road quality: Primary (linking large 
towns) and secondary (others). 
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Population density could be estimated based upon land cover and topographic features. A 
randomly selected subset of field data was first analysed for statistical links between 
settlement location probability and population density; and various biophysical features which 
were extracted from Landsat or SRTM data. The model was calibrated using this subset. The 
probability of a settlement being located within a pixel on the map was assigned a probability 
factor based on the distance from roads and water bodies and land cover. The second half of 
the field data is used to validate the model. The method for estimating settlement location 
probability and population density at a 90m resolution for Northern Iraq within the context of 
this study is detailed in Mubareka et al. (2008). 
Economic diversity was measured to correspond to land cover heterogeneity. According to 
semi variogram analysis of the field data describing economic diversity, the spatial 
relationship for this variable was 55 km. Thus the number of land cover types within a 500m2 
area was counted. This indicator differs from simply counting the number of patches within 
the filter. Patchiness was considered an unreliable indicator because the landscape was 
inherently patchy in this mountainous area. Thus the number of duplicates for land cover type 
was counted to infer economic diversity with the economic diversity increasing as the number 
of land use types increases within this range. 
The model for assessing vulnerability using satellite data as input was then applied to three 
dates corresponding to the satellite images: 1987, 1989 and 2000 (or 2001). Figure 3.1.7 
shows the iterative process of modelling the satellite imagery data for both a given time and 
the temporal study. 
83 
landsat 
ETM 
imagery, 
2003 
SRTM 
Remoteness 
factor 
Population 
density 
Economic 
diversity 
Y=baseline vulnerability model 
Y'= 
Vulnerability 
grid based on 
post-war 
indicators 
-*fr=ry 
yes 
/ Vulnerability 
I grid for 2003 
Landsat TM 
imagery, 
1987 
Landsat TM 
imagery, 
19S9 
Vulnerability change \ 
model for Northern Iraq J 
Figure 3.1.7. Approach for vulnerability assessment using remote sensing data for a single date and 
for a time series. 
The analysis of the spatial dependency of vulnerability further showed that the spatial 
influence of vulnerability is of circa 6 km. In cases where only large settlements were 
detected using satellite data, this information can help to assess the total number of people in 
need of humanitarian aid. In this study the spatial relationship within each of the indicators 
was also assessed before combining them to model population vulnerability. Each of the 
input had a different spatial relationship, with spatial clustering influencing the interpolation 
process. 
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3.1.3.3 Modelling risk 
Assessing risk for the study areas based both on field data and on satellite data involved 
considering the three contributing variables to risk mapping: Exposure, hazard and 
vulnerability (eq. 3.1.1). For this study, the hazard was considered to be conflict. The level 
of exposure was calculated as the population density over the territory of study and could be 
estimated using satellite imagery, as described in §3.1.3.2.3. Contrary to the population 
density contribution to the vulnerability model, population density is used at face value in it's 
input to the risk model as a whole. The final variable to the risk equation, vulnerability, 
consisted of a complex indicator that was composed of economic diversity, population density 
and remoteness. The remoteness variable contributing to vulnerability is furthermore a 
complex indicator which is composed of true distance to service towns, slope and cost. This 
last variable is calculated based on road quality. 
The risk equation, using satellite data as input, was applied to three dates corresponding to the 
satellite images: 1987, 1989 and 2000. Figure 3.1.8 shows the final risk map for these dates 
for the Jafati Valley site. 
Figure 3.1.8. The model results for population risk for Jafati Valley for 1987,1989 and 2000 using 
satellite-driven data. 
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3.1.4 Results and Discussion 
The results show that overall, the population became more vulnerable to conflict immediately 
following a conflict event. The areas that remained less affected were remote areas with 
small populations or uninhabited areas. After a decade, the vulnerability level declines. The 
landscape recovered its agricultural characteristics and towns became inhabited once again as 
quotidian activities resumed. 
The changes in output for each year were due to altered land cover because all of the other 
variables are fixed. The changes in land cover in the region over time are compared. 
Change detection of the images which were classified using segmentation and fuzzy logic 
show that for Jafati Valley, from 1987 to 1989, there was a conversion of agricultural land to 
grassland. From 1989 to 2000 the trend was reversed, with grassland being converted to 
agricultural land. The overall net change from 1987 to 2000 showed that cropland was 
generally maintained as cropland and there was a further conversion of grassland to cropland. 
Of all of the changes in this area, 86% were within the areas labelled as "most vulnerable". 
From 1987 to 1989, the built-up class was mainly converted to grassland (71%) and 15% of 
built up areas appeared to be converted to dry soil. Rural woodland was converted to 
grassland and to cropland (66%), suggesting that there was a population migration to formerly 
uninhabited regions. Sixty-four percent of cropland of type 1 was converted to grassland or 
bare rock and 65% of crop of type 2 is converted to grassland. Humid harvested fields were 
converted to grassland and rock (83%) and dry harvested fields were converted to grassland 
(71%). The classes that were converted to crop were woodland (66%) and riparian forest 
(12%). From 1989 to 2000, the main change observed in the segmentation classification 
change detection was a conversion from green grassland to agricultural land (66%), and from 
dry grassland to agricultural land (57%). When the classes were grouped into land use 
(managed and unmanaged categories), the changes were summarized as follows: 22.2% land 
which was unmanaged in 1989 remained unmanaged in 2000, while 76.0% of unmanaged 
land in 1989 became managed in 2000. There was a return to land management in previously 
managed areas. The net changes from 1987 to 2000 showed that agricultural land generally 
remained agricultural land and grassland was converted to agricultural land. This suggested 
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that either displaced populations reclaimed their land or that agricultural land was reclaimed 
in general. 
For the Dahuk study area, site of the Final Anfal Campaign, sixty three percent of changes 
occurred in the highest vulnerability range according to the model. This was far less than in 
the Jafati region; where over 80% of changes occurred in the areas labelled as having the 
highest level of vulnerability. This suggested that the changes which occurred in the Dahuk 
region may not have been due to conflict. The overall change detection of the images which 
were classified using segmentation and fuzzy logic showed that for Dahuk (Final Anfal 
campaign), from 1987 to 1989, there was a slight but significant conversion in two main land 
cover categories: Grassland was converted to bare soil and soil to rock. This suggested that 
the changes may have been due to adverse weather conditions for the growing season. There 
was no significant change from 1989 to 2001 and the overall net change from 1987 to 2001 
was that of crop converted to grassland. This suggested that agriculture was no longer the 
main economic mainstay for the region. 
There are two different interpretations for each of the sites within the case study. In general, 
remoteness plays a factor in the level at which the populated places are affected by the 
conflict. This implies that remoteness plays a factor in risk in general. Of the two areas, 
Jafati Valley shows concrete signs of change due to the conflict whereas Dahuk does not. The 
Dahuk study area study is not close enough to the International border to have been involved 
in the massive displacement campaign to disencumber sensitive frontiers and there is 
therefore not much evidence of massive changes in the area. Actually, the number of 
disappearances estimated for the Final Anfal campaign is at 1607 (Human Rights Watch, 
2003). The type of changes occurring in the area appear to be due either to weather 
conditions changes or to changes in overall economic interest in the area whereas the changes 
seen in the Jafati Valley - the number of disappearances estimated in this area are 3476 - are 
due to the Anfal campaigns. The main factors contributing to land cover changes are the 
abandon and resettlement of affected towns and the presence of landmines. 
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3.1.5 Conclusions 
The overall objective of this study was to contribute to the Global Monitoring for Security and 
Stability (GMOSS) mandate by assessing the potential applications of satellite data for 
measuring population risk to conflict. The approach was to identify environmental indicators 
for risk through the measures of population vulnerability and population density. This study 
was based on the hypothesis that indirect impacts of conflict on the inhabitants are manifested 
as changes in the environment. This implies that environmental indicators, measurable at 
different spatial scales, can be used as a method for interpreting vulnerability. The study 
takes this further by deriving the environmental indicators form Earth Observation tools. 
This study shows that in the absence of field data, satellite data can help to identify populated 
places or their probable location, estimate the degree of remoteness of populated places and 
indicate the economic diversity of a region. When combined, these elements characterise the 
vulnerability of people for the geographical area. This risk assessment exercise involved 
disaggregating the level of risk of a population in a region based on a single hazard through 
the creation of a disaggregated population density map and a disaggregated vulnerability map 
for the area in question. The results can contribute to assessments for humanitarian aid 
distribution because of their high resolution spatial nature. The method described in this 
paper can also be applied to a temporal study because of its robustness to seasonal changes, 
changes in sensors and atmospheric changes. The feature-based classification of segmented 
images that are normalised for atmospheric and topographic variations proves to be a good 
approach to mountainous areas with a high percentage of agricultural activity. 
This effort to assess risk for the study area would certainly improve if political and social 
factors were taken into consideration although care was taken to select areas in which the 
political, social and economic profiles were homogeneous. Population density estimates and 
settlement location, land cover heterogeneity and the assessment of the degree of remoteness 
of settlements are all significant indicators for population vulnerability to conflict, but are 
generic enough to be applied to other regions whereas social indicators are region-specific. 
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This analysis of the data provided insight to patterns in the populations most affected as the 
result of a conflict that would otherwise be difficult to infer or to extrapolate from studies 
conducted in other areas of the world and especially in other landscapes. A profile of the 
settlements most at risk during conflict could be identified. 
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3.2 Estimations de la densite de la population 
Le risque pour la securite des populations est proportionnel a la densite de la population. Ce 
facteur est effectivement toujours la premier recherche lors d'un desastre (Peduzzi et al, 
2002 ; Ehrlich et al. dans Jasani et al., 2008) et il est utile de pouvoir l'estimer dans n'importe 
quelles circonstances, sans devoir compter sur la disponibilite, ni deprendre de la resolution 
spatiale et la qualite des donnees de terrain. Par contre, les donnees sur la population sont 
souvent inexistantes, ou bien agregees et disponibles au niveau national ou aux deuxieme ou 
troisieme niveaux administratifs. Les travaux pour estimer la densite de la population en 
utilisant les donnees d'images satellitaires ont debute avec le travail de Dobson et al. (2000). 
lis ont cree une base de donnees spatiale globale a une resolution de 1 km, procurant une 
approximation de la densite de la population. Cette base de donnees a depuis ete mise a jour, 
et est toujours le point de reference dans les etudes de cas, la ou il n'existe pas de donnees 
desagregees, ou bien en l'absence totale de donnees. 
Nous proposons done un troisieme article sur cette question centrale a 1'evaluation de la 
vulnerabilite de notre site d'etude en Irak. Ce manuscrit a ete ecrit par l'auteur de cette these 
en collaboration avec Daniele Ehrlich (ISPC-JRC), Ferdinand Bonn (CARTEL-Universite de 
Sherbrooke) et Francois Kayitakire (ISPC-JRC). II a ete publie par le journal International 
Journal of Remote Sensing en mars 2008. L'objectif central de ce travail est le 
developpement d'une methodologie pour cartographier la population des regions rurales de 
notre site d'etude en Irak. Cet exercice a donne une carte de densite de la population a une 
resolution de 90m, echelle plus fine que les produits disponibles actuellement. 
Une partie integrante de 1'estimation de la population est la localisation des communautes 
dans cette region fortement accidentee. Ces villages sont tres souvent difficiles a identifier 
par satellite puisqu'ils sont construits avec les memes materiaux qui composent le terrain 
environnant. Trois parametres furent utilises pour localiser les villages : l'humidite du sol, 
l'emplacement des routes et l'heterogeneite de l'occupation du sol. 
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Une methodologie utilisee par Vincente-Serrano et al. (2004) permet de quantifier l'humidite 
des sols en utilisant la bande thermique de Landsat et le NDVI derive de ce capteur. Nous 
avons utilise cette methode couplee avec une classification par caracterisation des segments 
de l'imagerie afin d'identifier les communautes. L'approche a ete adaptee pour une analyse 
par satellite de la recherche faite sur le terrain de Saaroni et al. (2004). Cet auteur a demontre 
un effet 'oasis' cause par les proprietes thermiques des communautes en regions arides 
pendant les heures du matin et de l'apres-midi. Suit ensuite l'etape de la classification par 
logique floue : les pixels dont les qualites spectrales correspondent au sol nu, subissent ce test 
ulterieur de l'humidite. Ce parametre a ete derive en appliquant un calcul de la relation entre 
la fraction de couvert de vegetation (Fr), calculee avec le NDVI, et la temperature du sol, 
relevee de la bande thermique du capteur Landsat. 
L'emplacement des routes est une autre variable importante pour la localisation des 
communautes. La cartographie des routes a ete produite a partir du modele numerique 
d'altitude et de la classification des rivieres assechees sur l'imagerie optique. Cette derniere 
variable s'est averee a l'usage d'etre un indicateur plus fiable que l'emplacement reel des 
chemins puisqu'il incorpore dans son calcul la topographie de facon inherente. Cette situation 
se comprend mieux lorsqu'on sait que les plus grandes communautes ont eu tendance a 
s'installer dans les vallees sans obstacles majeurs de communication avec d'autres vallees. 
Le troisieme facteur lie a la localisation des communautes etait l'heterogeneite de l'utilisation 
du sol: C'est le nombre de classes differentes d'utilisation des sols voisinant un village. Le 
nombre de classes proches des villages, sous un filtre dont la taille correspond aux nombres 
de la population, sont comptes et l'heterogeneite de l'utilisation des sols est ainsi quantifiee. 
Le resultat nous sert a calibrer le modele de localisation des communautes. 
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L'etape suivante de notre methode a ete d'estimer la densite de la population en combinant les 
intrants cites ci-haut. Plusieurs variables geographiques derivees des intrants ont ete evaluees 
pour leur apport a 1'evaluation de la densite de la population. Les variables ciblees etaient: 
• l'heterogeneite de l'occupation du sol pour deux tallies de fenetre de filtre ; 
• 1'altitude; 
• la distance (euclidienne et exponentielle) par rapport aux chemins, aux cours d'eaux et 
aux zones baties ; 
• la distance par rapport aux differents types d'occupation du sol, divisee et ponderee 
selon leur rapport aux donnees de terrain de la densite de la population ; 
• le cout associe au voyage pour arriver a un centre urbain ; 
• la matrice de probabilite de localisation des communautes. 
Une analyse par regression multiple utilisant la base de donnees de calibration a montre que 
trois de ces intrants etaient lies significativement a la densite de la population. Ces intrants 
sont (1) l'heterogeneite de l'occupation du sol sur un filtre de 600m, (2) l'altitude, et (3) la 
distance par rapport aux routes, derivees de 1'imagerie SRTM. La densite de la population est 
specifiee en utilisant la methode decrite par Schneiderbauer et Ehrlich (2004). Les donnees 
de recensement de la WFP (World Food Programme) en 2003 furent utilisees pour calculer 
un coefficient pour chacun des districts d'interet. Ce coefficient, multiplie par la valeur de 
sortie pour chacun des pixels dans son propre district, correspondait a l'estimation absolue de 
la population. 
Les resultats obtenus montrent que la methode predit l'estimation de 1'emplacement des 
communautes de 2000 habitants ou plus avec une precision de 87% et de 64% pour les 
communautes de 1000 habitants ou plus. Pour cette region, plus de 95% des communautes 
ont moins de 1000 habitants, ce qui a donne un taux de succes total de 26.5% pour predire 
1'emplacement de ces communautes. 
La figure 3.2.7 est reproduite dans l'annexe D en un format plus grand (figure Dl) afin 
d'ameliorer sa clarte. 
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Abstract 
It is useful to have a disaggregated population database at uniform grid units in disaster 
situations. This study presents a method for settlement location probability and population 
density estimations at a 90m resolution for northern Iraq using the Shuttle Radar 
Topographic Mission digital terrain model and Landsat Enhanced Thematic Mapper 
satellite imagery. 
A spatial model each for calculating the probability of settlement location and for 
estimating population density is described. A randomly selected subset of field data 
(equivalent to 50%) is first analyzed for statistical links between settlement location 
probability and population density; and various biophysical features which are extracted 
from Landsat or SRTM data. The model is calibrated using this subset. 
Settlement location probability is attributed to the distance from roads and water bodies 
and land cover. Population density can be estimated based upon land cover and 
topographic features. The Landsat data are processed using a segmentation and 
subsequent feature-based classification approach making this method robust to seasonal 
variations in imagery and therefore applicable to a time series of images regardless of 
acquisition date. 
The second half of the field data is used to validate the model. Results show a reasonable 
estimate of population numbers (r=0.205, pO.OOl) for both rural and urban settlements. 
Although there is a strong overall correlation between the results of this and the Landscan 
model (r=0.464, p<0.001), this method performs better than the 1km resolution Landscan 
grid for settlements with fewer than 1000 people, but is less accurate for estimating 
population numbers in urban areas (Landscan rural r=0.181, pO.OOl; Landscan urban 
r=0.303, pO.OOl). The correlation between true urban population numbers is superior to 
that of Landscan however when the 90m grid values are summed using a filter which 
corresponds to the Landscan spatial resolution (r=0.318, pO.OOl). 
Keywords: Population density; settlement location; feature-based classification; detecting 
built-up areas; Landsat ETM; Iraq. 
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3.2.1 Introduction 
When allocating humanitarian aid to regions in crisis situations it is often difficult to 
adequately gauge the resources required to meet the needs of the victims. Knowledge of 
population density is fundamental when addressing aid allocation for natural and 
anthropogenic disaster management. Demographic information is typically available from 
census, but the accuracy of this procedure depends heavily on the design of the census, the 
quality of census elaboration and interpretation and may be affected by political 
circumstances. One alternative to nationally sponsored census data are field data obtained 
from development projects, but these are usually limited in their geographical coverage and 
for privacy issues, are disclosed to the public at a coarse spatial scale. In developing 
countries these population data are available typically at 3rd hierarchical administrative level 
from censuses carried out at an interval of 10 years. Population data at this scale are thus 
averages over areas that may include regions with very different population densities, 
especially where urban areas exist. 
Different research avenues have been explored in order to estimate population numbers. One 
method is the surface modelling approach. Surface modelling refers to allocating population 
or their attributes, originally available at aerial units, to a fine scale in a regularly spaced grid. 
The result is a surface-based estimation of population, commonly referred as population 
density. Population density estimations and changes in population densities can be 
monitored using information derived from satellite imagery and other open sources because 
of the existing link between settlement locations and natural resources distribution; agro-
climatic conditions; and differences in geographic conditions such as accessibility to 
transportation routes and services (Tian et al., 2005; Bigman & Fofack in 2000). 
Furthermore, given the nature of the input, the output is advantageously in a grid format. The 
symmetrical grid cells can be aggregated to address needs at a smaller spatial scale; with 
which the results can be integrated into a GIS; and resolves inconsistency problems linked to 
the approach of handling spatial units of varying sizes (Tian et al, 2005; Deichmann 1996). 
This approach to population estimation is especially valuable to humanitarian aid planning 
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since the area affected by disaster never coincides with the aggregated administrative 
subdivision. 
Several projects attempting the disaggregation of population numbers to grid units based on 
land cover and land use, derived from remote sensing tools, have been initiated. Among the 
pioneers are Deichmann & Eklundh (1991), whose heuristic approach to assigning probability 
weights to pixels based on land cover and land use in order to map the population density in 
Africa is the basis of the evolved version of the Gridded Population of the World database 
(Deichmann, 1996). Sweitzer & Langaas (1994) and van Veldhuizen et al. (1995) built on the 
principle of gridded population density mapping using expert knowledge for assigning 
probability weights. While land cover and land use are incorporated within these studies, it is 
beginning with Dobson et al. (2000) that a global population database based on land cover is 
derived from low and medium resolution sensors. Gallego (2001), with an empirical 
approach to the problem, assigns a series of coefficients to satellite-derived land cover. Tian 
et al. (2005) confirm the declaration made in Dobson et al. (2000) that land cover is the single 
most important indicator of population density estimation at small scales and Schneiderbauer 
& Ehrlich (2004) and Tatem et al. (2004) incorporate region-specific knowledge about land 
use. 
At larger scales, space technology is at first experimented with by cross-checking census data 
through various approaches as described in Harvey (2002) and Li & Weng (2005), but the 
tool is most recently used independently for population density estimations with increasingly 
better results as sensors and methods become more sophisticated. The importance of 
differentiating between methodological strategies for population density estimation using 
remote sensing at different scales, especially in urban areas, is emphasized by several authors. 
As Tian et al. (2005) demonstrated, population density in rural areas based on land cover is 
more predictable whereas the parameter can only be estimated with an acceptable degree of 
certainty for urban areas given excellent baseline information. 
The objective of this study is to develop an inexpensive methodology to derive population 
density using the 30m resolution Landsat ETM satellite imagery coupled with the 90m 
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resolution Shuttle Radar Topography Mission (SRTM) digital terrain model. The method is 
tested in a mountainous area and is robust to seasonal changes in land cover. 
3.2.2 Study site 
This study focuses on a region in northern Iraq in As Sulaymaniya governorate (figure 3.2.1) 
where a dynamic history, a rich cultural mix and diverse economic activities create an 
interesting study site for evaluating methods for population density estimates. The territory 
within the study site is shared between agriculturalists and nomads (Izady 1992, pl91). The 
issue of nomads and semi-nomads living in the area is one of intense importance when 
addressing the population density issue but it is difficult to take into consideration due to a 
lack of publicly available information. However nomadic and semi-nomadic sites are selected 
based upon the seasonal availability of food for their herds; the availability of water; and their 
proximity to sedentary villages because they depend upon trading and services available in 
these settlements (Abdi, 2003). The issue of nomads is therefore dealt with by placing fewer 
restrictions on the spatial spread of population numbers. A more continuous grid which is not 
centred upon large settlements is produced. 
The study site is a mixture of three main eco-regions: Zagros mountain forest steppe, Middle 
East steppe, Mesopotamian shrub desert, (table 3.2.1). The land use can be divided as three 
main agro-ecological zones: Lowlands, Uplands and Mountains (table 3.2.2, Holm et al. 
2003). 
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Table 3.2.1 Description of the three ecoregions in northern Iraq 
Zagros mountain Middle East steppe 
forest steppe 
Biome 
Vegetative 
characteristics 
Climate 
Temperate 
broadleaf and 
Mixed Forests 
Oak-dominant 
deciduous forests 
(xerophyte 
quercius spp.) and 
pistachio-almond 
forests 
Above the timber 
line (~2000m), 
sub-alpine 
vegetation 
Semi-arid, 
temperate, rainfall: 
400-800mm/a. 
Cold winters, hot 
summers. 
Temperate grasslands, 
savannahs & 
shrublands 
Sage brush, other 
shrub, grass and 
agriculture near 
rivers. Riverine 
woodlands and 
wetland area. 
Contiental climate, 
rainfall: <250mm/a. 
high summers 
temperatures, relatively 
cold winters. 
Mesopotamian shrub 
desert 
Deserts & xeric 
shrublands 
Reeds and rushes in 
wetland areas, aspen 
and tamarisk along 
river channels 
Hot & dry. 
Table 3.2.2 General description of land cover for the study site from agricultural perspective (Holm 
efa/.2003) 
Lowlands Uplands Mountains 
Rainfall 250-600mm 500-900mm 800-1200mm 
Farming 
system 
Landscape 
Rainfed cereal 
(wheat & barley w 
rotation: lentils & 
chickpeas) 
Livestock graze 
stubble of 
harvested crops 
and rangeland 
Rainfed cereal (wheat 
& barley w possible 
rotation: lentils & 
chickpeas) 
Pastoral: nomadic and 
sedentary 
Southern aspect: mostly Treeless alpine pastures 
treeless, Northern 
aspect: forest, degraded 
forest 
(>2000m), forest 
understory at lower 
altitudes. Perennial 
grasses, Quercius sp. In 
wooded areas, 
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For practical reasons, the footprint of a Landsat ETM image determined the borders of the 
study site and is further clipped to contain Iraqi territory only. The resulting study site covers 
99.75 km x 114 km (figure 3.2.1). 
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Figure 3.2.1 The study area is in northern Iraq, including Sulaymaniya city, the capital of Sulaymaniya 
governorate and is delimited by the Landsat ETM footprint for August 31,2000 (path 168, row 35) 
3.2.3 Methodology 
The link between settlement locations, population numbers and biophysical features is first 
quantified using field data. Once this link is established, the biophysical features are 
reproduced using remote sensing data in a final model through a stepwise linear regression 
process. The results are two 90m resolution grids whose pixel values represent, in the first 
case, a weight that is relative to the probability of there being a settlement and in the second 
case, population density. These grids are compared to the ground truth and the population 
density grid is compared to the Landscan product. 
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3.2.3.1 Input datasets 
There are four sources of data: The Rapid Assessment Program (RAP), the National Imagery 
and Mapping Agency (NIMA), the Shuttle Radar Topography Mission (SRTM) and Landsat 
Enhanced Thematic Mapper (ETM) imagery. The main sources for input are SRTM and 
ETM, the other two databases are used for calibration or validation of the model. 
3.2.3.1.1 Rapid Assessment Program data 
A situation assessment was documented after the Golf war in 2003 under the supervision of 
the United Nations Joint Humanitarian Information Centre (JHIC) for Iraq headquartered in 
Erbil. The Rapid Assessment Program (RAP) database consists of a large dataset containing 
information about the status of populated places throughout Iraq. Among the 120 variables 
included in the dataset is the population per settlement within the study area. Seven thousand 
villages in northern Iraq were visited, of which 300 were found abandoned. Of the remaining 
villages, only those which had over 20 inhabitants or a mosque were surveyed. The RAP used 
in this study covers the remaining 5694 villages surveyed for the northern governorates. 
Within the 99.75km x 114km study site, 1106 settlements occur. Fifty percent of this field 
data for settlement locations and population numbers within the study site will be used to 
build the model. This calibration dataset, consisting of 553 settlements, is chosen at random 
and are therefore spread out throughout the study site. Since there is no significant spatial 
relationship between settlements based on population numbers according to the semi 
variogram analysis, this random selection of settlements is chosen as the best method for 
identifying the calibration dataset. Thus half of the field dataset is used to understand 
dynamics related to each layer and derive probability factors based on these relationships. 
The remaining 50% of the field data is used for validation using the model built based on 
these probability factors. 
3.2.3.1.2 National Imagery and Mapping Agency data 
Existing vector data of roads and water bodies which were made available from the National 
Imagery and Mapping Agency (NIMA) are used to assess the basic dynamics of the 
settlement locations and biophysical features within the study site using the calibration 
dataset. Once the distribution of settlements is established for each biophysical feature, they 
are reproduced using either ETM or SRTM data. 
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3.2.3.1.3 Shuttle Radar Topography Mission data 
The Shuttle Radar Topography Mission (SRTM) is an interferometric SAR which provides 
elevation data for almost the entire globe. The NASA instrument was aboard Space Shuttle 
Endeavour for a short mission in February 2000 whereby the data was collected to build the 
elevation model. 
SRTM was used to generate the digital terrain model for the following applications: 
1. To estimate the topographic features associated with the likely location of settlements 
2. To extract elevation values which are used as a cut-off point for settlement locations 
3. To generate a "flow direction" grid which is used in the segmentation and 
classification of dry river beds 
4. To correct for effects topographic variations in the satellite imagery 
The digital terrain model is currently available to the public in an unedited format at a 
precision level of 3-arc seconds. Some errors occur within the dataset and are corrected for 
by assigning values to undefined pixels based on the values of neighbouring pixels. 
3.2.3.1.4 Landsat imagery 
A Landsat ETM image dated August 31, 2000 is used in this study. The image was 
downloaded from the Earth Science Data Interface (ESDI) at the Global Land Cover Facility 
(University of Maryland). This dataset is provided in a standardized, orthorectified format. 
The image that is used within the context of this study has centre coordinates of 36.05 latitude 
by 44.82 longitude (path/row = 168/35). The ETM data was used to detect built up areas 
which in turn were used as seeds for tracing the road network; and to create a land cover map 
from which land cover heterogeneity is derived. 
3.2.3.2 Settlement distribution dynamics based on SRTM and ETM data 
Identifying an indicator for the probable location of settlements using SRTM and ETM data 
is useful for two reasons: First it serves as a starting point in understanding the dynamics 
between biophysical features and population. Second, it is more easily derived than 
population density and can be used as an alternative in cases where further precision is not 
required. 
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3.2.3.2.1 Topography and settlement locations 
Using SRTM data, flow accumulation is calculated for each cell based on which cells are 
likely to receive the most water accumulating from upstream cells by selecting the steepest 
down slope neighbour for each pixel. The result is a grid with eight values, each describing a 
flow direction (N, NE, E, SE, S, SW, W, and NW) in which the valleys within the landscape 
become evident. The Euclidean distance grid is calculated from these valleys and the 
settlement locations are overlain. 
The distribution of settlements based on the valleys alone is not very decisive (histograms 
show a high distribution) and a further step is taken to increase the relationship between the 
input and settlement location. According to the field data, 50% of the population is located 
less than 115m from a roadside and 75% is located within 310m of a road. We hypothesise 
that in rugged terrain the most likely passage of roads will be parallel to valley bottoms, the 
built up areas which are detected via satellite are used as seeds to assess the most likely 
passage of roads and the results are compared to the NEVIA road database. No clear link is 
established between road density and settlement location. This parameter is therefore 
discarded. 
A further criterion is added to improve the probability of settlements based on the information 
about the relationship between settlement location and elevation obtained from the RAP 
calibration dataset: 50% of the settlements in the study area are located at less than 589m, 
75% are located less than 895m and 90% of settlements are located at less than 1220m. Over 
50% of the total number of settlements are located below an elevation of 600m (median = 
588.48m). 
The digital terrain model is divided as follows: The probability of finding a settlement at 
altitudes between 670-1249m is 1.4 times greater than finding one at an altitude between 380-
669m or 1250-1539m and 3.3 times greater than finding a settlement between 0-379m or 
1540-2199m. No settlements are located above 2200m according to the RAP calibration 
dataset. Each class is assigned a weight which represents the probability of finding a 
settlement based on this field data distribution and the resulting grid is multiplied by the 
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Euclidean distance from the grid representing the valleys. Based on this information the 
results improve, showing a higher likelihood of correctly detecting settlement location. The 
probability of finding a settlement increases from roughly 26% to over 50% when the 
elevation is factored into the grid. 
3.2.3.2.2 Land cover and settlement locations 
With the harvest period having just ended, several agricultural fields are denuded. They 
cannot be differentiated from other bare soil by spectral means alone but thermal and spatial 
properties make it possible to classify them as agricultural land. Also difficult to discern are 
dry river beds. In many cases the water bodies are lakes or active rivers which are easily 
detected based on spectral information however, the water bodies near which settlements are 
located may actually be dry -the location being a residue of historical choices (Abdi, 2003)-
or small rivers which are overshadowed by vegetation and are therefore not easily detected. 
These features are spectrally similar to other features in the landscape but can be 
individualized using spatial criteria. 
3.2.3.2.2.1 Radiometric and atmospheric correction for spectral bands 
The images were pre-processed in order to improve classification results. The spectral bands 
1-5 and 7 of the image are corrected for absorption and scattering properties of the 
atmosphere in order to show the true reflectance values of the Earth's surface based on a 
procedure detailed in Hill (1993). The aerosol optical thickness (xa) varies and must be 
directly inferred from the scene as this measure depends upon the degree of smoke, smog, 
dust, fog, and haze present. The optical thickness is increased by small increments until the 
top of atmosphere reflectance matches the model-generated reflectance in the NIR band for 
the area covering the deepest part of the lake in the image. The aerosol depth is assumed 
based on the estimation of Angstrom coefficients which are extracted from the image. 
Optical depth varies with terrain altitude. Since the scene contains an important fraction of 
mountainous areas, the topographic variation in optical depth from the target's altitude to the 
altitude of the pixel was also considered. The molecular optical depth can be estimated for 
different terrain heights using the following relationship: 
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Tr(h) = Hr(h)*rr (3.2.1) 
with 
Hr (h) = exp(-0.1188 • h - 0.0016 • h1) (3.2.2) 
where: 
rr- Rayleigh (molecular) optical depth 
h=terrain height in kilometres 
In order to assume the optical thickness for aerosol particles, whose concentration also varies 
with height, it is assumed that the aerosol distribution corresponds to a Junge distribution of 
spherical particles. The aerosol optical thickness can be estimated with a modified Angstrom 
relationship: 
Ta=Ha(h)'b.A- (3.2.3) 
with 
Ha(h) = exp(-h/Hp) (3.2.4) 
where 
ra=Mie (aerosol) optical thickness 
h=terrain height in kilometres 
Hp= aerosol scale height where Hp=0.97-1.4 for the first 5 km above the Earth's surface 
(Hill, 1993) 
X=wavelength 
This correction was applied after having simulated the illumination on the SRTM digital 
terrain model using a Minnaert coefficient. The Minnaert constant k and the exitance angle e 
(which is equal to the slope if the sensor is viewing at nadir) are introduced to the calculation 
for normalised radiance (Ln) whereby the incident angle is incorporated (Zn =Z,/cos i), but 
surfaces are assumed to be Lambertian. The linearized equation becomes: 
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log(Lcose) = logI„ + &log(cos/cose) (3.2.5) 
where 
cosi = cos0S cos0n + sin0S sin0n cos(^ -<pn) 
cos/ = the cosine of the incident angle {radians) 
0n = slope in radians 
0S = solar zenith angle in radians 
(pn = terrain aspect in radians 
<ps - solar azimuth angle in radians 
A Minneart constant is applied for the entire scene based on the average slope of the 
regression line log(Zcose) vs. log(cosz cose) for bands 1,2,3 over bare rock. The resulting 
corrected images have fewer shadowed areas. 
3.2.3.2.2.2 Radiometric correction for thermal band 
No atmospheric corrections were applied to the thermal bands since atmospheric corrections 
do not significantly improve data quality because the effects of atmospheric absorption and 
re-radiation seem to compensate each other (Warner & Chen, 2001). The thermal images 
were pre-processed to exoatmospheric radiance values using values published by the Landsat 
program (Weng et al, 2004). The thermal image is transformed to °C (0°C =273.15K). The 
effect of the elevation and slope on true temperature values can be approximated using the 
relationship described in equation 1. (Warner & Chen, 2001; Vicente-Serrano et al. 2004). 
T = Tm +acosi + bZ (3.2.6) 
where 
T(0) = raw temperature value(°C) 
a = slope of linear regression between r(0) ~ cos i 
b = slope of linear regression between T(0) ~ Z 
Z = elevation(m) 
Figure 3.2.2 shows that as the elevation increase, the temperature tends to decrease by a factor 
of 4.6°C per 1000m of elevation (6.4°C in Tian et al., 2005). 
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Figure 3.2.2 The relationship between elevation and temperature is used to determine the 
temperature gradient change of 4.6 degrees per 1000m 
Major differences in soil type can be assumed by studying the thermal properties of the 
surface with the assistance of a thermal band, specifically the degree of moisture of the soil 
(Warner & Chen, 2001). Surface temperature contains information about both soil and 
vegetation and can therefore be coupled with a vegetation index in order to break down the 
thermal signal (Boegh et al. 1999). Lambin & Ehrlich (1996) show that the certain 
assumptions can be made from an image plotted in the surface temperature vs. NDVI space. 
The data may be interpreted following pre-processing which corrects for the effects of solar 
heating and topography by quantifying the relationship between the surface temperature and 
the elevation and incidence angle if the surface feature of interest is soil type for example. 
3.2.3.2.3 Land cover classification 
The difficulty in identifying vegetation in semi-arid regions is the non-linear spectral mixing 
of plants and soil due to the reflections between highly reflective plant leaves and highly 
reflective soils. A low density plant increases the potential for multiple scattering of light 
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which in turn, makes identifying signal sources difficult. In order to quantify this 
phenomenon and to determine the most appropriate vegetation index to use in this case, the 
slope of the soil line was calculated for several cross sections. It was found to be near to 1 in 
all cases except in mountainous areas with very sparse vegetation. Based on these results, the 
NDVI is used as an indicator of vegetation vigour with an acceptable degree of confidence. 
The vegetation classes correspond to classes which could be sparsely vegetated, but more 
relevant are soil moisture levels. Soil moisture can therefore be used to differentiate different 
land cover classes. NDVI and soil moisture are therefore used as input layers for the image 
classification for a total of nine image layers, segmented using eCognition software: ETM 
bands 1-5 and 7; soil moisture, corresponding to surface temperature corrected for vegetation 
cover density; NDVI; the flow direction grid described above. 
Fuzzy logic criteria are defined for four different spatial scales. The coarsest scale is used to 
identify water bodies, including dry river beds. The other land cover types are identified at 
the other three scales according to their different textural, object-oriented and spectral 
properties. The legend and hierarchy were determined through observations of the imagery 
and a priori knowledge of the study site. The classes are grouped by spectral and spatial 
inheritance groups. 
The input bands used in the fuzzy logic classification are a combination of both spectral and 
spatial information derived from the segmentation process. For this study, four main 
categories of land cover are used as indicators for settlement locations: Agricultural land and 
built-up areas (managed land), water bodies - or riparian forest as an indicator thereof - and 
unmanaged land. Although these categories consist of an amalgamation of several classes 
whose disaggregation is irrelevant for this study, spectral and spatial characteristics are so 
significantly different that they require different processing criteria. 
The land cover types are classified as dry and green crops; built up areas, roads, runways, 
urban crops and urban grassland or woodland; both dry and active water bodies, riparian 
forest and sand or loam or silt; rock, rural grassland or woodland, and two bare soil 
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categories. Figure 3.2.3 summarises these classes and the main land cover category to which 
they belong for this study. 
Classification class hierarchy 
II Agriculture Built-up water Orvnanaged land 
o 
Non \ 
vegetated / crop 
green dry 
Dry 
crop W Cropl 
M Crop2 
r « 
hu r . 
I * Buil.-up i 
. L I 
» Road 
1
 = . _l 
' • Rur.A?y 
| '" Urban ' 
I crap 
'
 _
 Urban ~ 
jg'3oE_ar3_ 
~ Urban 
' .voortland 
Bare 
rock 
Dry 
vegetation 
Shallow 
Deep 
Sand 
SilWoam 
bed 
Riparian 
forest 
X Bare soil Green vegetation 
Shadow 
Sunlit 
Shadowed 
Rural dry Bare 
soil! 
Bare 
soil2 
Rural I 
wodlandj 
Rural i 
grassland | 
Figure 3.2.3 The grouping of classes used as population density indicators 
3.2.3.2.3.1 Classifying water bodies 
Based on a the Euclidean distance grid calculated from all rivers and roads in the NTJVIA 
dataset, 50% of all settlements are located less than 250m from a water body and 75% are 
located less than 545m from a water body. Identifying the flow direction of the topography 
can help to identify watersheds which, in turn, can help to classify rivers and dry river beds, 
the latter being spectrally identical to bright soil. In order to execute this, the watershed class 
is identified at the coarsest scale and is used as a spatial indicator of dry water bodies at finer 
scales on the condition that the feature at this finer scale is linear and has the spectral 
properties of either an active or a dry water body. 
3.2.3.2.3.2 Classifying built up areas 
Bare soil and built up regions have similar spectral responses within the study area although 
the larger built up areas appeared to have different thermal properties than their environment. 
This "oasis" effect, as described in Saaroni et al. (2004), is to be expected in morning and 
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afternoon hours of the day due to a high variety in land cover within the urban mixed pixels. 
In this study, soil humidity is found to play a role in this temperature difference. A procedure 
used to differentiate soil types which is detailed in Vincente-Serrano et. al (2004), is applied 
in this case to differentiate between built-up areas and bare soil. 
The fraction of vegetation cover (Fr) is estimated using the NDVI after it has been 
"normalised" in order to eliminate all negative values (eq. 3.2.7). 
F „r (flPKT-M?^) 2 ( 3 > 2 7 ) 
r
 (NDVI^-NDVI^) 
All Fr values over 0.8 are masked because, according to Gillis and Carsten (cited in Vincente-
Sarrano et. al, 2004), soil moisture values for areas with over 80% cover are unreliable. 
Areas with less than 10% cover were also eliminated because of the high probability that the 
NDVI measures are affected by the bare soil. The remaining pixels are divided into 10% 
intervals and 6 masks regrouping the remaining pixels were built: Fr=0.2 to 0.3; Fr=0.3 to 0.4; 
Fr=0.4 to 0.5; Fr=0.5 to 0.6; Fr=0.6 to 0.7; Fr=0.7 to 0.8. These masks are used to identify 
the corrected temperature information under these Fr classes. These temperature values were 
rescaled from 0 to 1, where 1 represents the lowest temperature, thus the highest degree of 
soil moisture and 0 represents the highest temperature, thus the driest soil. The final image 
layers are summed and a 3x3 median filter is passed to smooth the final grid. The result is an 
image representing the humidity of the soil, normalised for vegetation effects. This image 
was incorporated into the object-oriented segmentation and classification. 
3.2.3.2.4 Land cover heterogeneity 
In addition to the land cover classes mentioned above, land cover heterogeneity - or 
patchiness -is taken into consideration. Principally it serves to test the hypothesis that the 
landscape is extremely heterogeneous under these buffered area, thus potentially indicating 
settlement location. Land cover heterogeneity is calculated by counting the number of 
different classes occurring under a moving filter of a determined dimension. The size of the 
filter first experimented with in this study was 200m. Results for this buffer show that for the 
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field data calibration dataset, 83% show three or more types of land cover and 39% show four 
and more types of land cover. Most land area under the populated places and their buffers, 
apart from the 'built-up' class, is included in the dry grassland area and pasture classes. 
When the classes are regrouped into their parent classes, the numbers show that nearly 48% of 
the populated places are located in grassland regions, and 24% in agricultural areas.varies 
according to the size of the population of the settlement. 
A second round of land cover heterogeneity was calculated using a fixed filter corresponding 
to the population size of the settlements. The calibration dataset was classified into five 
classes according to population size using the Jenk's Natural Breaks algorithm and assigned 
the following buffer size: 0-720 people=200m; 721-2500 people= 400m; 2501-7590 
people=600m; 7591-18000 people=800m; >18001 people=1000m. This index is used for two 
different reasons. The first purpose is to assess the land cover under a buffer whose size is 
determined by the size of the population of the settlement as determined by the calibration 
dataset. This shows whether or not the satellite imagery detected segments falling into the 
"built-up" class and if so, at what size. 
A third land cover heterogeneity index is applied, and is the result of assigning a 5km buffer 
around each of the settlement buffers created. This information is useful for interpreting land 
cover linked to population numbers in terms of land use. 
3.2.3.2.5 Summary of input 
Based on the results of the field data, the input for estimating settlement locations is the 
following: Valleys and elevation land cover, land cover heterogeneity, distance from water 
bodies and built-up areas. The following is a summary of the input used in creating the 
settlement probability grid (table 3.2.3): 
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Table 3.2.3 A summary of the input variables for settlement location probability assignment and 
population density estimations 
Input layer 
Distance to derived 
roads * elevation 
Distance to detected 
water bodies 
Distance to detected 
built-up areas 
Land cover 
LC heterogeneity, local 
LC heterogeneity, 5km 
Source 
SRTM 
ETM 
ETM 
ETM 
ETM 
ETM 
Description 
Euclidian distance to roads derived from SRTM data 
using detected built-up areas as seeds, multiplied by the 
probability factor of settlements based on elevation 
Euclidean distance to detected water bodies in meters 
Euclidean distance to detected built-up areas in meters 
Percent probability of settlements based on the location 
of the calibration dataset according to land cover 
Count duplicates in land cover types under population-
dependant buffers surrounding settlements 
Count duplicates in land cover types under population-
dependant buffers + 5km surrounding settlements 
All input layers listed in table 3.2.3 are first analysed to test their relationship to settlement 
location. Land cover heterogeneity at a 5km buffer is eliminated from the group because of 
missing correlation. This is explained by the high variability in the landscape: The highest 
variability in land cover is in the mountainous region and furthermore, only the smallest 
settlements are likely to be located in these areas. The remaining five inputs are normalized 
on a scale from 0-1, with 1 corresponding to the highest probability and 0 to the lowest. They 
are then compared and combined using different methods, including the mean, median, 
minimum and maximum values. 
3.2.3.3 Estimating population density 
According to the RAP calibration dataset, the size of the settlement is not linked to its 
probable location. This parameter therefore cannot be directly used when estimating 
population density and the relationship between biophysical features and population density 
must be derived separately. Fifteen biophysical features are tested for their relationship to 
population density: land cover heterogeneity for two sizes (1500m, 600m); elevation; both 
Euclidian and exponential distance to roads; to water; to large urban centres as well as the 
grid generated using an IDW interpolator between all detected built up areas; distance land 
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cover type, divided and assigned weights based on field data for population numbers; a cost 
grid to arrive to an urban centre, incorporating both elevation and roads. 
Multiple regression analysis using the calibration dataset from the RAP shows that only three 
of the fifteen input are significantly linked, and can be modelled, to population density: land 
cover heterogeneity for a buffer of 600m (21x21 pixels for the ETM land cover grid), 
elevation and distance to derived roads. The other inputs were eliminated because of their 
low explanatory power. 
The resulting empirical equation is based on unaltered input features as their distributions are 
normal. 
ln(population)ij=4.2H-(-0.000186rij+0.09hr0.00078zij) (eq. 3.2.8) 
where 
rjj= Euclidean distance to derived roads at pixel ij 
hjj= land cover heterogeneity for 21x21 neighbouring pixels (598.5m) surrounding pixel ij 
Zjj= elevation at pixel ij 
The population values assigned to pixels using equation 8 are adjusted using a method 
described in Schneiderbauer & Ehrlich (2004). The grid is divided into district-level 
administrative areas and the 2003 population numbers published by the World Food Program 
are used to calculate a district-specific coefficient. This coefficient is the result of the total 
population per district divided by the sum of equation 8 for each pixel in the district. The 
coefficient is then multiplied by the original value assigned to the pixel from equation 3.2.8. 
3.2.4 Results 
3.2.4.1 Estimating the road network 
Results show that although estimating the road network using topographic indicators 
underestimates trails, there is a good correlation between primary and secondary roads and the 
road grid derived from SRTM (r=0.556, pO.OOl). This is because detected built up areas are 
used as seeds and trails link smaller the settlements which are not detected via satellite. The 
distribution of the settlements based on this estimated road network road is very similar to that 
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of the distribution of settlements relative to the NIMA road network nonetheless because the 
location of primary and secondary roads is more relevant to overall settlement location than 
are trails. This estimation of the road network in mountainous areas based on topographic 
indicators is therefore a better indicator for settlement location than the true road network, and 
is almost certainly a better indicator for settlement size since it inherently takes topography 
into consideration: Larger settlements are more likely to be located in larger valleys which do 
not have any major topographic barriers to other valleys. 
3.2.4.2 Built up areas 
Only the larger built up areas are correctly detected using the 30-m resolution Landsat dataset. 
For the calibration dataset, 87% of populations over 2000 are detected; 64% of settlements 
with populations over 1000 are detected but since the majority of the settlements are smaller 
than 1000 inhabitants (>95%), the overall success rate detecting the built up areas is 26.48%. 
3.2.4.3 Land cover 
Figure 3.2.4 shows the resulting land cover classification with all classes and figure 3.2.5 
shows the same classification with merged classes into unmanaged and managed land use 
categories. For the study site, 81% of settlements are located in managed land, a compound 
class consisting of both sub-classes which are a part of the built-up class and agricultural sub 
classes. 
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Since no ground truth about land cover exists, an Ikonos image was used to select training 
sites for quality assessment. The accuracy for the classification was 72.89%, with the main 
confusion arising in the "rural crop" and "moist harvested" classes. This error is acceptable 
for the land cover map because both of the classes are under the "agriculture" umbrella. 
Another major source for confusion was the urban and urban grassland misclassification. 
Again both are "built-up" classes. The confusion arises because of the superior resolution of 
the Ikonos image from which the training sites were selected for the quality assessment. Thus 
mixed vegetated and built-up pixels in the coarser resolution ETM data could not differentiate 
between the two. The third and final pair of classes which tend to be confused are bright soil 
and dry harvested soil. In this scene, there are no vast extents of desert, the bright soil are 
gravel pits. The size and shape of the bright soil is similar to harvested patches. 
The results of the segmentation and subsequent classification as described above are also 
compared with a rule-based spectral classification. Results show that with spectral 
classification alone, it is impossible to differentiate between barren land, built-up and dry 
river beds. Introducing feature related rules helps to differentiate between the three classes. 
The disadvantage of using segmented images for classification is the loss of information 
which is contained in individual pixels. For this study however, the purpose was not to create 
an accurate land cover map but rather to regroup land cover types to assess the link between 
these and settlement locations and population numbers. 
3.2.4.4 Settlement distribution dynamics based on SRTM and ETM data 
The input layers described in table 3.2.3 are combined. The maximum value of the combined 
layers corresponds to ground truth data. Figure 3.2.6 shows the resulting probability grid for 
settlement locations and the accompanying histogram shows the probability of a settlement 
being located on a "high" value in the grid. The histogram is based on the validation dataset 
from the RAP. 
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3.2.4.5 Population density estimations based on SRTM and ETM data 
Since there is no spatial correlation between the population values of the settlements, it would 
be incorrect to interpolate the population numbers of the RAP validation dataset in order to 
validate the population density grid. The point values of the settlements in the validation 
dataset are therefore compared with the corresponding pixel in the derived population density 
grid. The results show a reasonable correlation (0.205, pO.OOl) between the true population 
of settlements and the population derived from the method explained above for rural areas 
(towns <1000 and surroundings) and a correlation of 0.203 (pO.OOl) for larger towns and 
urban areas. The model fit improves when only the settlements with populations between 
1000 and 10 000 are included in the validation dataset (rO.269, pO.OOl). 
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Whereas there is a good overall correlation between the grid produced using this methodology 
and the Landscan product (r=0.464, p<0.001), Landscan is less appropriate for assigning 
population values to rural areas (r=0.181, pO.OOl) but more efficient for larger towns 
(r=0.303, pO.OOl) (figure 3.2.7). The discrepancies in the correlation for larger town centres 
are explained by the scale difference between the two products (1km vs. 90m). When the grid 
cell values are added using an 11x11 pixel filter (=990m ), the correlation improves for large 
towns: r=0.318, pO.OOl. 
overview 
ETO / SRTM model product 
Figure 3.2.7 The resulting population density grid derived from Landsat ETM and SRTM data, 
compared with the Landscan product. Both a rural and an urban subset are shown. 
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3.2.5 Conclusions 
Several studies have demonstrated the link between land cover and population, and have 
furthermore addressed the importance of disaggregating population numbers. There is 
general consensus that this disaggregation is especially vital when addressing humanitarian 
aid issues because natural and man-made disasters are independent of administrative 
boundaries. Grid-based estimations provide the required flexibility in estimating population 
numbers, and the usefulness of this information is proportional to the level of spatial 
precision. Although linking population numbers to biophysical features is a natural 
assumption, it is somewhat difficult to quantify. Furthermore, it cannot be extremely precise. 
In this study, two approaches are taken to address this problem: First, a method to assess the 
probability of settlements being located in an area is tested. Second, the potential for 
estimating population density at a 90m resolution is tested. For both approaches, only two 
inputs are used to derive the features to estimate settlement location and a 90m resolution 
population density grid: SRTM and Landsat ETM. Field data dated 2003 made available 
from the Joint Humanitarian Information Centre, Erbil Iraq contains population numbers and 
geographical coordinates for every settlement within the study area, whose population is more 
than 20 or in which there is a mosque. This dataset is divided into two, where 50% is used for 
calibration purposes and 50% is used for validation purposes. 
Settlement location is linked to the Euclidean distance from roads as derived from SRTM 
data, combined with a probability weight factor linked to elevation; Euclidean distance to 
water bodies and built-up areas, detected by satellite; land cover type and land cover 
heterogeneity. The factors contributing to the population density grid are identified from a 
stepwise linear regression process of several input factors. 
Three factors are significantly linked to population numbers: elevation, land cover 
heterogeneity, and distance to the roads derived from SRTM. Whereas land cover type is a 
highly culturally dependant variable requiring field knowledge, land cover heterogeneity may 
be a more generic indicator of population numbers. It was used to assess the location of 
settlements as well as to estimate population numbers. Results show a reasonable estimate of 
settlement population numbers for rural settlements (<1000 inhabitants) and a slightly weaker 
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correlation between the model and urban areas. The addition of night time lights as a dataset 
would improve the results for urban areas, especially in delimiting their borders. 
The advantage of this method is the ease with which it can be reproduced and the availability 
of the input data. SRTM and ETM data are available for nearly the entire globe free of charge 
or at a very low cost. This method can be executed quickly once the protocol is in place, all 
of the processing steps can be automated and the results outputted rapidly. 
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3.3 Techniques de traitements d'images 
Cette section discute des choix lies a la classification de l'imagerie et qui n'ont pas ete 
elabores dans les articles precedents. 
Les images Landsat ont d'abord ete classifies en appliquant des methodes basees sur les 
regies spectrales traditionnelles. Une methodologie de classification automatique proposee 
par Baraldi et al. (2006), a ete testee en premier lieu. Cette methodologie est basee sur les 
signatures spectrales generiques, amassees en une base de donnees massive tenant compte des 
caracteristiques spectrales de centaines de types d'occupation du sol. Cette methode est tres 
rapide, et procure a l'utilisateur une matrice classified, nomenclature comprise. Des couleurs 
predefinies rendent la carte lisible des sa sortie du programme. Cette methode a ete testee sur 
plusieurs regions du monde avec des resultats satisfaisants si on considere que l'outil peut 
traiter une image en moins de 20 minutes. Lorsqu'on analyse les resultats de la classification 
par pixel, il se revele impossible de differencier entre sols nus, sites batis et rivieres asseches 
puisque toutes ces trois classes ont des caracteristiques spectrales similaires. L'approche de la 
classification par caracteristiques, dont le processus est detaille dans l'article precedent, a 
done ete adoptee pour eviter la confusion entre plusieurs classes sur le site d'etude, et surtout 
pour eviter que les changements saisonniers soient interpreted comme des changements 
d'occupation du sol. 
Une procedure iterative qui permet le changement de classe selon les caracteristiques de son 
voisin a ete appliquee. Les criteres de la forme et de la taille des segments, ainsi que la classe 
d'appartenance de leurs voisins sont utilises pour differencier ces classes. La classification 
des images par segmentation et par la caracterisation des segments basees sur des proprietes 
physiques et spectrales nous a procure des resultats autrement impossibles a obtenir avec les 
methodes spectrales traditionnelles. Un autre avantage de l'approche par segmentation est la 
possibility de regrouper les classes selon les caracteristiques determinees par l'utilisateur afin 
d'obtenir une carte moins detaillee mais plus explicite du point de vue de l'utilisation des sols. 
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Puisque les segments sont crees non seulement selon les criteres spatiaux et spectraux de 
chaque pixel mais aussi selon la texture, la geometrie et le contexte de chaque segment, 
l'echelle spatiale de la segmentation joue un role extremement important. Pour cette etude, 
quatre niveaux de segmentation sont effectues independamment, comme decrit dans le tableau 
3.1.7. 
Le 4e niveau de classification consiste a identifier les basins versants a partir des images. lis 
sont caracterises comme etant de vastes aires ou la direction de ruissellement est homogene et 
qui arrive a un point commun, soit une riviere ou un lac. Le SRTM est utilise pour 
1'evaluation de la direction du ruissellement. Une couche representant la direction de la pente 
pour chaque pixel est cree. L'homogeneite est constatee en exploitant le parametre de la 
texture de couche de ruissellement creee avec le SRTM (figure 3.3.1). 
Figure 3.3.1.46me niveau de classification : les bassins versants 
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Puisque des signaux spectraux contrastants existent pour les terres agricoles dues a une 
presence combinee de vegetation et de sol nu, des descripteurs contextuels, de texture et de 
forme (rectangulaire) sont appliquees pour decrire les terres agricoles au 3dme niveau. Cette 
classification produit une couche separee de celle des bassins versants car les terres agricoles 
sont souvent proches des cours d'eau et la resolution spatiale doit etre assez fine pour pouvoir 
identifier les parcelles cultivees. Les zones baties sont ainsi identifiees sur ce niveau 
intermediate. 
Une segmentation a un niveau plus fin de celui de la classification elle-meme aide, en cas de 
doute, a determiner a quelle classe appartient un segment pere. La forme, surtout les 
proportions entre la longueur et la largeur du segment, est une aide a la decision dans ce 
contexte de classification floue. La classification, qui a lieu au 2eme niveau de segmentation, se 
fait d'abord sur la couche plus grossiere en descendant de facon interdependante. Le resultat 
de la classification sur les couches superieures est integre dans les couches successives. Au 
total, l'etiquette actuelle assignee a chaque segment est influencee par les resultats des 
classifications aux 4ame, 3ame et ler niveaux, mais a lieu au 2eme niveau de segmentation. 
La classification par caracterisation des segments est tres flexible et permet 1'agglomeration 
des segments pour avoir une vision plus grossiere des elements dans l'image. Les classes 
peuvent avoir une appartenance a plusieurs groupes. Tous les groupes d'agriculture et de 
plantations d'arbres de fruits, par exemple, peuvent etre regroupes pour demontrer une vue 
d'ensemble des terres cultivees, et en meme temps, les terres etant classifiees comme 
agriculture mais en friche ou venant d'etre moissonnees au moment de la prise de l'image 
sont classees comme etant non-vegetative. De plus le contexte spatial de la parcelle, selon si 
elle se trouve en milieu urbain ou en milieu rural est important pour le regroupement des 
segments urbains (figure 3.3.2, a-d). 
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Figure 3.3.2. Hierarchie et regroupement des classes a. Vegetation vs. sol nu, b. Vegetation et sol nu 
regroupe selon I'appartenance a la classe« agriculture», c. Classification sans regroupements 
La validation de la classification s'appuie sur une image Ikonos, et sur la selection de sites 
d'entrainements. La precision de la classification la plus recente (2001) est de 72,9%, et les 
details sont discutes dans le §3.1.4.1. La confusion est partiellement due a la difference 
d'echelle spatiale entre l'image Landsat et Ikonos. Les sites d'entrainements de 1'image 
Ikonos sont moins heterogenes que des pixels Landsat. La figure 3.3.3 demontre la partie de 
la ville de Sulaymaniya vue d'Ikonos (figure 3.3.3a), l'image Landsat (figure 3.3.3b) et la 
classification correspondante de l'image Landsat (figure 3.3.3c). 
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Chapitre 4. Conclusion 
Le concept integral de risque pour une region a un moment donne correspond a trois 
variables: (1) l'exposition aux evenements perturbateurs, (2) le nombre d'habitants de cette 
region et (3) le niveau de vulnerability de cette population. Ces variables, comme nous 
l'avons decrit dans cette these, peuvent etre derivees des outils d'observation de la Terre. 
Avec l'objectif de verifier le potentiel des applications de la geomatique pour une analyse de 
risque post conflit, ce projet a demontre que des hypotheses simples et basees sur les liens 
existant entre ces trois variables complexes et des indicateurs biophysiques donnent des 
resultats assez proches de la realite sur le terrain. Par rapport a la classification des phases 
d'interventions d'aide humanitaire de la Commission Europeenne pour les desastres, 
representees dans la figure 1.1.1, ce projet contribue a une phase de ciblage geographique de 
preavis pour le risque d'une population. II est cependant important de tenir compte de la 
complexity du phenomene de conflit. Un modele tel que nous avons decrit dans cette these 
procure une base sur laquelle les decisions peuvent etre formees en ajoutant des informations 
ancillaires, mais ne procure pas un resultat absolue. En realite, les decisions sur la 
distributions de l'aide humanitaire sont faites base sur la consultation avec plusieurs 
specialistes. L'outil genere par imagerie satellitaire est une de base sur laquelle les elements 
sociaux, culturelles et economiques peuvent etre ajoutes afin de cree un portrait plus complet 
de la situation sur le terrain. 
4.1 La geomatique et la securite 
L'utilisation des outils d'observation de la Terre et des systemes d'informations 
geographiques est repandue pour la gestion, le suivi et la planification des ressources 
naturelles. Cette these porte ces outils au-dela de ces applications usuelles. Le cadre GMOSS 
nous a permis d'explorer la possibilite d'y extraire des informations d'aspect plutot 
sociologique. Les elements lies au risque sont de nature culturelle et economique et 
l'estimation du risque, dans ce cas, repose sur des hypotheses liant ces facteurs avec des 
parametres biophysiques mesurables par des indicateurs issus d'images satellitaires, des 
medias et de sources ouvertes. La localisation des villages, la densite de la population, 
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1'accessibility aux services sont des exemples de tels parametres dont on suppose un lien 
direct au risque. Le taux et le type de changements de l'utilisation des sols sont des exemples 
de parametres en lien indirect avec le risque. Ces derniers requierent une analyse du contexte 
non seulement anthropique mais aussi climatique du site d'etude afm de comprendre les 
resultats et de pouvoir en tirer des conclusions. Ceci est demontre dans 1'etude de cas 
detaillee dans le §3.1 ou la difference des changements de l'utilisation du sol sur chacun des 
deux sites d'etude peut seulement etre expliquee apres un regard sur l'histoire propre a chaque 
site. 
La geomatique est un outil puissant qui permet 1'analyse des donnees sur plusieurs niveaux 
spatiaux, de nature desagregee. Ceci permet la modelisation du risque sur le territoire sans 
egard aux frontieres administratives ; ou bien, justement, avec l'avantage de pouvoir faire des 
analyses sur des territoires ayant des frontieres basees sur la tribu, la topographie, le niveau 
administratif, etc. Pour l'etude de cas dont le territoire est detaille dans le §3.1, la 
modelisation se fait sur des regions affectees par le conflit du fait de leur affiliation politique. 
Un changement de la taille de ces territoires change les resultats du modele de risque, celui-ci 
demontrant le risque relatif sur l'ensemble du territoire concerne. 
4.2 De la realite sur le terrain a I'analyse par satellite : La vulnerability de la 
population 
devaluation de la vulnerabilite dans l'equation du risque est la plus difficile a concretiser et 
c'est aussi l'element central pour permettre de quantifier le concept de risque, puisque les 
autres elements sont plutot stables. C'est la vulnerabilite qui integre l'element humain. Bien 
que la vulnerabilite ne peut pas se quantifier au niveau des individus d'une population en 
utilisant les outils d'observation de la Terre, on peut l'estimer au niveau de la population 
concernee a l'interieure des limites d'un pixel. 
Une mesure directe du bien-etre des habitants necessite des intrants specifiques sur ces memes 
habitants, voir des donnees de terrain. Cette these exploite les donnees de terrain de l'ONU 
dans le cadre du Programme Rapide de Recensement (PRR), explorant le lien entre les 
indicateurs de terrain et la vulnerabilite de la population dans la region d'etude pour avoir une 
meilleure idee des parametres lies au risque de conflit. 
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Les questions auxquelles cette these permet de repondre, en appliquant les outils 
d'observation de la Terre afm de discemer le niveau d'aide humanitaire necessaire pour une 
region suite a un evenement perturbateur, sont: Quelles sont les zones a risque (quels types) 
et ou sont-elles localisees? Pour y repondre il a d'abord fallu formuler des indicateurs 
complexes qui decrivent la vulnerabilite relative de la population a Tinterieur d'une region en 
s'appuyant sur des donnees de terrain. Ces indicateurs, bases sur les tendances de la realite, 
sont tires des donnees du PRR par rapport au niveau de la vulnerabilite. L'algorithme 
decrivant la courbe est applique pour ces facteurs d'intrants. 
Une etude plus approfondie de la verite de terrain nous a demontre que les petites 
communautes ne sont pas necessairement plus vulnerables. Par exemple, dans le cas ou les 
communautes presentaient des fiches relativement semblables, la diversite economique 
s'averait etre un facteur determinant du niveau de vulnerabilite. Nous avons constate que les 
endroits densement peuples, pauvres et situes en peripheric des centres urbains, sont les zones 
les plus a risque. Aussi surprenant, les zones isolees se sont averees etre les moins 
vulnerables, malgre leur niveau de pauvrete, ceci en comparaison avec une zone de population 
comparable mais accessible. Ceci s'est verifie pour la Vallee de Jafati ou l'effet du conflit a 
impose une menace importante a sa population car proche des centres urbains. 
C'est seulement lorsqu'on arrive a faire le lien entre les indicateurs de risque, les composantes 
du risque et les attributs geographiques, que l'imagerie satellitaire devient utile. Le modele de 
risque, calibre avec la verite terrain des annees 2003, a ete applique aux images des annees 
1987, 1989 et 2000/2001. Nous avons observe que dans certains cas la prediction du modele 
est tres bonne, surtout en ce qui concerne l'impact du conflit arme sur les zones de forte 
densite de population. Ceci est probablement du au fait qu'un site peuple presente un impact 
sur l'utilisation des sols plus evident. Puisque l'utilisation du sol fait partie de differents 
indicateurs, comme l'accessibilite aux services, la localisation des villages, l'heterogeneite de 
l'utilisation des sols, etc. ; une majorite des donnees pour ce facteur augmente la precision du 
modele du risque. 
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4.3 Les implications de I'echelle spatiale 
L'analyse de l'influence spatiale de chacun des intrants pour le modele de la vulnerability et 
pour 1'estimation de la densite de la population est une etape fondamentale dans cette etude. II 
est clair que les methodes presentees ici sont sensibles a I'echelle spatiale. Le niveau de 
vulnerability de la population peut changer d'une region a un autre selon la predominance de 
la composition ethnique, religieuse ou culturelle et aussi selon les sympathies, soit du 
gouvernement en place ou de la communaute internationale. Dans notre zone d'etude, tous les 
habitants ont un profil politique vulnerable a l'attaque du gouvernement central de l'epoque. 
Pour notre etude, c'etait surtout le facteur politique qui a determine le niveau de vulnerabilite. 
Les bases militaires du PUK et du PDK etaient connues et ceci a fait d'eux une cible. Si nous 
avions etendue 1'etude du point de vue spatial, le facteur le plus important au-dela de ceux 
deja identifies aurait ete celui de l'appartenance a un groupe ethnique et de ses relations avec 
le gouvernement central. Ceci est d'ailleurs le noyau qui a mene au conflit. Done en 
changeant I'echelle d'etude au niveau national ou regional a tout le Moyen Orient, les 
resultats lies aux facteurs de vulnerabilite changeraient completement. 
Nous avons vu qu'il existe une relation spatiale pour les intrants d'influence a la vulnerabilite 
de la population resultant en un certain niveau de regroupement de ces elements (ceci est un 
des principes fondamentaux sur lequel les sondages reposent). Nous avons eu la chance 
d'avoir acces a une base de donnees completes : Tous les villages dans la region d'etude ont 
ete visites. Une analyse spatiale des resultats demontre que les facteurs contribuant a la 
vulnerabilite ont tendance a se regrouper. Cette relation spatiale retourne au concept de la 
presence des « poches » de vulnerabilite. Ceci signifie que la degradation de la resolution 
spatiale pour une analyse des risques sur le plan regional ne nuirait pas necessairement aux 
resultats. 
4.4 Travaux futurs 
II a ete difficile de tracer une ligne delimitant la fin de cette etude puisque celle-ci aborde une 
perspective nouvelle des applications des outils et des donnees d'observation de la Terre. Ce 
fut d'autant plus ardu que cette etude etait plutot pluridisciplinaire et, par consequent, 
n'approfondissait pas toutes les avenues touchant aux disciplines contributrices. Cette these 
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ouvre la porte a plusieurs etudes futures, nous discutons celles liees a la teledetection dans ce 
segment des conclusions. 
La teledetection est nee a partir du besoin de surveillance du climat a petite echelle. 
Consequemment, il y a plusieurs bases de donnees disponibles qui pourraient etre exploiters 
pour mieux comprendre les changements d'occupation du sol associes aux conflits. La 
question de 1'evaluation du risque pourrait etre traitee encore plus fmement en introduisant les 
evenements climatiques comme evenement perturbateur. Le couplage entre rinformation 
economique et les cartes d'occupation du sol peut aussi etre utile pour la caracterisation des 
zones les plus a risque, surtout si 1'evenement perturbateur est associe a un changement 
climatique o u a u n manque d'eau ou encore, ce qui est le cas dans cette etude, a un conflit 
arme ayant un impact direct sur l'economie du pays. Ces conflits armes ont coute cher a 
l'lrak, non seulement pour financer l'armee, mais aussi parce la Campagne Anfal a eu lieu 
dans la region la plus fertile et productive du pays. En consequence, l'lrak a du augmenter les 
importations puisqu'il etait interdit de cultiver les champs dans les zones dissidentes du 
Kurdistan Iraki en. 
La geomatique, et la classification de 1'occupation du sol en particulier, pourraient contribuer 
a d'autres objectifs du reseau GMOSS pour l'lrak tels que le suivi et le monitoring de la 
securite des frontieres, la detection des champs mines et la propagation des maladies. La 
surveillance des frontieres est un sujet d'interet marque pour l'lrak. La modelisation des 
frontieres est un sujet qui doit integrer les facteurs biophysiques et les aspects sociaux lies aux 
insurges. La detection des champs mines impliquerait l'utilisation d'approches completement 
differentes. On pense par exemple au potentiel des images radar pour identifier les zones les 
plus affectees. Cette etude serait particulierement utile dans les regions Kurdes pour retrouver 
l'usage de maisons et terrains dans des zones fortement mines durant le regime de Saddam 
Hussein, ceci pour «proteger» le pays contre l'lran pendant la guerre des annees 1980. 
L'lrak est le pays au plus grand probleme de mines anti-personnelles au monde, avec une 
periode estimee de 35 a 75 ans pour les eliminer totalement (Norwegian Refugee Council, 
2003). De son cote, la propagation des maladies est aussi un probleme lie a la securite 
nationale et serait un sujet interessant pour la modelisation avec les outils de la geomatique. 
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Cette etude impliquerait le suivi des deplacements et de la mortalite des personnes infectees. 
La teledetection est surtout utile pour les maladies pour lesquelles il existe un vecteur, en 
particulier dans le cas ou il s'agit d'un vecteur animal dont l'habitat peut etre cible par 
l'analyse des cartes d'occupation des sols. 
Enfin, il y a plusieurs manieres d'evaluer le taux de risque d'une zone soumise a differents 
evenements perturbateurs, l'important etant de maintenir une homogeneite dans les definitions 
employees lors de cette caracterisation. D'abord, 1'identification de l'evenement perturbateur 
est imperative. On peut ensuite estimer la vulnerabilite de la population et ainsi le risque 
couru pour cet evenement perturbateur. 
Les donnees de terrain sont une source irremplacable. Les sondages, les visites sur le terrain, 
et meme les donnees informelles et qualitatives, peuvent etre source de temoignages et sont 
des assises de verite en complementarite indispensable aux images satellitaires. La 
vulnerabilite varie non seulement de village en village, mais aussi entre les menages du meme 
village - bien que ceci soit deja un bon niveau de precision - elle varie surtout de personne en 
personne. Afin d'identifier ces personnes, on a besoin d'informations qui ne peuvent etre 
tirees que des temoignages sur le terrain. Cette etude visait a appuyer la communaute d'aide 
humanitaire en ponderant le degre de risque de la population sur un plan geographique, 
offrant ainsi une option pour augmenter l'efficacite et la precision avec laquelle les 
interventions humanitaires peuvent s'effectuer en absence de donnees de terrain. Les 
conclusions tirees de cette recherche sont utiles pour 1'interpretation les indices visuels par 
rapport a la vulnerabilite estimee a partir de l'imagerie satellitaire. Nous avons vu que le 
traitement des images satellitaires procure des informations sur l'etat de risque de la 
population. Le modele que nous avons developpe permet d'utiliser l'heterogeneite de terrain, 
sa topographie, et les changements d'occupation du sol, pour quantifier le risque pour une 
region en fonction d'un evenement perturbateur donnee. 
4.5 Contributions de la these 
La recherche associee a cette these a eu lieu dans un contexte de recherche et operationnel tres 
dynamique. Le laboratoire d'appui pour cette these, le Centre Commun de Recherche (CCR), 
a le mandat de fournir des donnees, provenant principalement d'imagerie satellitaire, sur la 
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securite a divers clients; le client principal etant DG-RELEX (Directeur Generate des 
RELations EXternes) de la Commission Europeenne. Certaines parties de ce travail ont done 
ete etendues hors des besoins de cette these afm de satisfaire les besoins des clients du 
laboratoire ou ses interets de recherche. Ce chapitre resume l'impact de chacune des phases de 
la recherche. 
4.5.1 Contributions operationnelles 
Dans la premiere partie de la these, lors de la phase de la definition de la problematique et du 
site d'etude, la distribution et l'etat des maladies infectieuses pour une decennie sur toute la 
planete ont ete cartographies. Dans cette premiere phase de recherche concernant un site 
d'etude interessant pour lequel il y avait une histoire d'eclosions de maladies infectieuses, 
nous avons produit une base de donnees spatiale. Celle-ci incluait les eclosions des maladies 
depuis les annees 1990 ainsi qu'une description de chacune de ces maladies. Cette 
description consistait en une classification selon leur degre de severite (etabli par le taux de 
mortalite), la categorie de transmission, l'existence d'un vaccin, la periode d'incubation et le 
caractere endemique a la region. Puisque cette base de donnees a ete creee au niveau global, 
et en collaboration avec une specialiste en maladies infectieuses, elle est riche d'informations 
avec un degre eleve de precision et de fiabilite. Cette base de donnees reste a la disposition du 
Centre Commun de Recherche, chez le groupe CRITECH (CRisis Intervention through 
TECHnology), actuellement charge de la mise en place d'un modele de propagation des 
maladies au niveau global. 
Une base de donnees interactive des donnees statistiques de l'annuaire du Haut Commissaire 
pour les Refugies (HCR) a ete creee pour une interface web dans le contexte de cette these. 
Son interactivite permet la creation automatique de cartes thematiques. Ce produit fut cree a 
partir d'une requete du laboratoire de SIG du HCR a Geneve. Le site web a une interface qui 
permet de cartographier tous les mouvements de personnes qui sont sous la juridiction du 
HCR. Cette base de donnees a ete creee a Pechelle globale arm d'inclure tous les pays ou les 
Irakiens ont potentiellement pu trouver refuge, ainsi que les pays d'ou les refugies 
provenaient pour chercher asile en Irak. 
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L'approche adoptee pour la normalisation des donnees de sources ouvertes, dans le premier 
article de cette these, est issue d'une requete du DG-RELEX en 2003. Elle a ete adoptee par 
le CCR a Ispra pour la Commission Europeenne afin de faire le suivi par rapports mensuels de 
la situation securitaire en Irak. De plus, la meme methodologie a ete adaptee pour surveiller la 
situation des territoires occupes de la Palestine. Cette methodologie est encore en application 
au CCR en 2008. 
4.5.2 Contributions scientifiques 
La premiere contribution tangible est la publication de trois articles dans des journaux 
scientifiques. De plus, la methodologie proposee pour la quantification du niveau de risque et 
pour 1'estimation de la densite de la population, a ete un apport significatif pour le laboratoire 
d'accueil. Elle a inspire d'autres travaux sur d'autres sites d'etudes d'interet a l'lnstitut pour 
la Protection et la Securite du Citoyen du JRC et elle a inspire un chapitre du livre de Jasani et 
al. (2008) qui resume les resultats obtenus par le reseau GMOSS ces dernieres annees. Le 
chapitre d'interet, intitule Can Earth Observation tools help to describe population? Indirect 
population estimations from EO derived geo-spatial data: contribution from GMOSS, ecrit en 
collaboration avec D. Ehrlich, S. Lang, G. Laneve, S. Schneiderbauer et D. Tiede, traite des 
divers resultats des efforts du groupe qui s'occupait de la quantification de la vulnerability de 
la population sur diverses regions du monde. Une section est entierement dediee aux resultats 
obtenus dans le cadre de cette these sur l'lrak. 
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Annexe A. Les divisions tribales de I'lrak selon le HIC. 
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Annexe B. Ajouts a la publication Standardising and mapping open-source 
information for crisis regions: the case of post-conflict Iraq 
Figures du 1er article 
Les deux figures qui suivent, Bl et B2 represented les versions agrandies des figures 2.1.3 et 
2.1.7 ; integrees dans la premiere publication. 
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Figure B2. Representation agrandie de la figure 2.1.7. 
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Modele Spearman 
Le modele Spearman est un test de rangs dont le rho (p), variant entre -1 et 1, est un 
coefficient de correlation de rangs (voir §2.1.2.7). Dans le cas de 1'evaluation des tendances 
de violence pour les regions d'Irak, nous cherchons a comprendre si, pour une periode de 
temps comprehensive, la tendance est nettement positive ou negative, en confrontant le 
nombre d'evenements violents avec le temps. La ou p=-l, la tendance est inversement 
proportionnelle, c'est-a-dire, la violence est en diminution. Si p=l, la tendance est positive et 
les evenements violents sont en augmentation (voir equation 2.1.1). La figure B3 demontre 
graphiquement une application de Spearman. 
Are governorates suffering from increasing security issues? 
(23 July to 07 October 2003) 
Figure B3. Exemple de I'application du modele Spearman pour detecter les correlations entre le 
nombre d'evenements violents et le temps pour les gouvemorats Irakiens. 
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Annexe C. Traitements des donnees de terrain Projet de Recensement Rapide 
Dix categories ont ete creees, regroupant les variables originales du PRR (voir tableau CI) : 
La diversite economique, la qualite de materiaux de construction, 1'aspect sanitaire, 
1'infrastructure, la disponibilite en nourriture, l'education, la sante, les services, l'eau et la 
population. La figure CI decrit la preparation du PRR. Les donnees brutes subissent un 
processus de nettoyage. Certains intrants sans code ou bien sans coordonnees geographiques 
sont repares. Les variables ayant moins de 30% de reponses sont eliminees et les donnees 
sont rapportees sur une echelle de 0 a 1. 
Parmi ces variables, trois sont isolees comme variables 'pre-guerre' pour chacun des villages: 
Le pourcentage de maisons fait de terre, la somme des intrants economiques et la carte du 
degre d'isolement. Cette derniere est expliquee en detail dans le §3.1.3.1, et est en un 
indicateur complexe integrant la distance, la pente et le cout pour arriver a un village offrant 
des services. 
Les variables residuelles qui ne font pas partie du regroupement pre-guerre sont regroupees 
dans une categorie relative au sujet traite. La figure CI detaille la methodologie pour ce 
regroupement, le tableau CI donne la legende des equations. Ces categories relatives sont: 
La demographie, le systeme sanitaire, Tinfrastructure, la disponibilite en nourriture, 
l'education, la sante, les services. Cet ensemble represente la situation apres la guerre et est 
appele 'post-guerre'. 
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Tableau C1. 
PRR. 
CoINo 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Description < 
txtFieldName 
IDMAIN 
IDSUB 
USECNAM 
USECLAT 
USECLON 
CURPOP 
PREPOP 
CURIDP 
PREIDP 
CURFHH 
CURU5 
CURCWC 
POPCHG 
POPWHY 
POPWHR 
SAN I 
WASTE 
SMELL 
GARBG 
NUMRES 
DAMDUC1 
DAMDUC2 
DAMDUC3 
DAMDUC4 
AWELCUR 
BWELCUR 
PIPCUR 
TANCUR 
OPECUR 
SPRCUR 
OTWTXT 
des variables et de leurs acronymes de la base de donnees 
FieldDescription 
ID of survey 
ID of settlement / section record 
Settlement / section name 
Settlement / section latitude (DD) 
Settlement / section longitude (DD) 
Current population (4.1a) 
Population on 1-Mar-03 (4.2a) 
Current IDPs (4.1b) - % VALUES TO 
IDPs on 1-Mar-03 (4.2b) - % VALUES 
Female Headed Households (4.3) 
Children under 5 (4.4) 
Children without caregivers (4.5) 
Population increased or decreased (4. 
Reason for population change (4.6 / 4 
Where population moved from /to 
Evidence of sewage (5.1) 
Evidence of human waste (5.2) 
Rate the smell (5.3) 
Evidence of garbage (5.4) 
Total dwelling units (6.1) 
Category 1 DUs (6.2a1) - % VALUES 
Category 2 DUs (6.2b1) - % VALUES 
Category 3 DUs (6.2c1) - % VALUES 
Category 4 DUs (6.2d1) - % VALUES 
% private wells (7.1a) 
% public wells (7.2a) 
% piped systems (7.3a) 
% tanker (7.4a) 
% open or broken pipe (7.5a) 
% springs or rivers (7.6a) 
Description of other water source 
BE CONVERTED 
TO BE CONVERTED 
6/4.7) 
7) 
TO BE CONVERTED 
TO BE CONVERTED 
TO BE CONVERTED 
TO BE CONVERTED 
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32 OTHCUR 
33 AWELPRE 
34 BWELPRE 
35 PIPPRE 
36 TANPRE 
37 OPEPRE 
38 SPRPRE 
39 OTHPRE 
40 AWELQNT 
41 BWELQNT 
42 PIPQNT 
43 TANQNT 
44 OPEQNT 
45 SPRQNT 
46 OTHQNT 
47 AWELQLY 
48 BWELQLY 
49 PIPQLY 
50 TANQLY 
51 OPEQLY 
52 SPRQLY 
53 OTHQLY 
54 PIPHRS 
55 THWTOT 
56 HSETCOD 
57 CCUOPE 
58 CCUCLO 
59 CCUHPB 
60 CCUSTF 
61 CCUSCL 
62 NRCOPE 
63 NRCCLO 
64 NRCHPB 
65 NRCSTF 
66 NRCSCL 
67 PHCOPE 
68 PHCCLO 
69 PHCHPB 
70 PHCSTF 
71 PHCSCL 
72 CRFFUN 
73 CRFDAM 
74 CRFDES 
75 MARFUN 
76 MARDAM 
77 MARDES 
78 BAKFUN 
79 BAKDAM 
80 BAKDES 
81 GOVFUN 
82 GOVDAM 
83 GOVDES 
% other sources (7.7a) 
% private wells 1-Mar-03 (7.1b) 
% public wells 1-Mar-03 (7.2b) 
% piped systems 1-Mar-03 (7.3b) 
% tanker 1-Mar-03 (7.4b) 
% open or broken pipe 1-Mar-03 (7.5b) 
% springs or rivers 1-Mar-03 (7.6b) 
% other sources 1-Mar-03 (7.7b) 
Quantity (7.1c) 
Quantity (7.2c) 
Quantity (7.3c) 
Quantity (7.4c) 
Quantity (7.5c) 
Quantity (7.6c) 
Quantity (7.7c) 
Quality (7.1 d) 
Quality (7.2d) 
Quality (7.3d) 
Quality (7.4d) 
Quality (7.5d) 
Quality (7.5d) 
Quality (7.7d) 
Piped water hours per day (7.3e) 
Total trained health workers (8.2) 
Alternate village for health services (8.3) 
Community Child Care Units open (9.1a) 
Community Child Care Units closed (9.1 b) 
Milk and High Protein Biscuits (9.1c) 
Trained staff or volunteers available (9.1 d) 
Weighing scales available (9.1e) 
Nutrition Rehabilitation Centres open (9.2a) 
Nutrition Rehabilitation Centres closed (9.2b) 
Milk and High Protein Biscuits (9.2c) 
Ttrained staff or volunteers available (9.2d) 
Wweighing scales available (9.2e) 
Primary Health Care Centres open (9.3a) 
Primary Health Care Centres closed (9.3b) 
Milk and High Protein Biscuits (9.3c) 
Trained staff or volunteers available (9.3d) 
Weighing scales available (9.3e) 
Children's residential facilities functioning (10.1a) 
Children's residential facilities damaged (10.2a) 
Children's residential facilities destroyed (10.3a) 
Markets functioning (10.1b) 
Markets damaged (10.2b) 
Markets destroyed (10.3b) 
Bakeries functioning (10.1c) 
Bakeries damaged (10.2c) 
Bakeries destroyed (10.3c) 
Government offices functioning (10.1d) 
Government offices damaged (10.2d) 
Government offices destroyed (10.3d) 
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84 PSFUN 
85 PSDAM 
86 PSDES 
87 SSFUN 
88 SSDAM 
89 SSDES 
90 OFCTXT 
91 OFCFUN 
92 OFCDAM 
93 OFCDES 
94 WHSAVL 
95 WHSCAP 
96 UNIFUN 
97 UNIDAM 
98 UNIDES 
99 UNIMIN 
100 WTPFUN 
101 WTPDAM 
102 WTPDES 
103 WTPMIN 
104 CWUFUN 
105 CWUDAM 
106 CWUDES 
107 CWUMIN 
108 STPFUN 
109 STPDAM 
110 STPDES 
111 STPMIN 
112 WSTFUN 
113 WSTDAM 
114 WSTDES 
115 WSTMIN 
116 GSLFUN 
117 GSLDAM 
118 GSLDES 
119 GSLMIN 
120 FSTFUN 
121 FSTDAM 
122 FSTDES 
123 FSTMIN 
124 ERSFUN 
125 ERSDAM 
126 ERSDES 
127 ERSMIN 
128 EPYFUN 
129 EPYDAM 
130 EPYDES 
131 EPYMIN 
132 MSITXT 
133 MSIFUN 
134 MSIDAM 
Primary schools functioning (10.1e) 
Primary schools damaged (10.2e) 
Primary schools destroyed (10.3e) 
Secondary schools functioning (10.1f) 
Secondary schools damaged (10.2f) 
Secondary schools destroyed (10.3f) 
Description of other facility 
Other facilities functioning (10.1 g) 
Other facilities damaged (10.2g) 
Other facilities destroyed (10.3g) 
Local warehouse available (10.4) 
Size in m3 of warehouse (10.5) 
High education institutes functioning (11.1a) 
High education facilities damaged (11.2a) 
High education facilities destroyed (11,3a) 
High education facilities with suspected mines / UXO 
(11.4a) 
Water treatment plants functioning (11.1b) 
Water treatment plants damaged (11.2b) 
Water treatment plants destroyed (11.3b) 
Water treatment plants with suspected mines / UXO (11.4b) 
Compact water units functioning (11.1c) 
Compact water units damaged (11.2c) 
Compact water units destroyed (11.3c) 
Compact water units with suspected mines / UXO (11.4c) 
Sewage treatment plants functioning (11.1d) 
Sewage treatment plants damaged (11.2d) 
Sewage treatment plants destroyed (11.3d) 
Sewage treatment plants with suspected mines / UXO 
(11.4d) 
Water storage tanks functioning (11.1e) 
Water storage tanks damaged (11.2e) 
Water storage tanks destroyed (11.3e) 
Water storage tanks with suspected mines / UXO (11.4e) 
Grain silos functioning (11.1f) 
Grain silos damaged (11.2f) 
Grain silos destroyed (11.3f) 
Grain silos with suspected mines / UXO (11.4f) 
Fuel storage tanks functioning (11.1g) 
Fuel storage tanks damaged (11.2g) 
Fuel storage tanks destroyed (11,3g) 
Fuel storage tanks with suspected mines / UXO (11.4g) 
Electrical stations functioning (11.1 h) 
Electrical stations damaged (11.2h) 
Electrical stations destroyed (11.3h) 
Electrical stations with suspected mines / UXO (11.4h) 
Electrical pylons functioning (11.1j) 
Electrical pylons damaged (11.2j) 
Electrical pylons destroyed (11.3j) 
Electrical pylons with suspected mines / UXO (11.4j) 
Description of other facility 
Other facilities functioning (11.1k) 
Other facilities damaged (11.2k) 
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135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
MSIDES 
MSIMIN 
ECOAGR 
ECOPET 
ECOLIV 
ECOSRV 
ECOFSH 
ECOGOV 
ECOIND 
ECOCOM 
MARAVA 
MARFRQ 
MSETCOD 
MSETNAM 
FODPRO 
FODSTR 
FODOIL 
FODFRT 
FRSFUN 
FRNLST 
FRNFIN 
PETAVA 
DSLAVA 
HTGAVA 
ELCAVA 
ELCHRS 
FODSIT 
CONBOM 
CONBAS 
CONREC 
CONWHO 
CHOWHN 
CRMAVA 
CRMTXT 
LAWAVA 
LAWWHO 
HZDAVA 
HADTXT 
MINUXO 
MINIRR 
MINHLT 
MINROD 
MINRES 
MINWAT 
MINBRG 
MINCRP 
MININD 
MINMAR 
MINPST 
MINCLT 
MINSCH 
MINOTH 
Other facilities destroyed (11,3k) 
Other facilities with suspected mines / UXO (11.4k) 
Agriculture principle economic base (21.1a) 
Petroleum principle economic base (21.1b) 
Livestock principle economic base (21.1c) 
Services principle economic base (21.1d) 
Fisheries principle economic base (21.1e) 
Government principle economic base (21.1f) 
Industry principle economic base (21.1g) 
Commerce principle economic base (21.1 h) 
Market available (12.2/12.3) 
Market frequency 
Pcode of market used by residents (12.3b) 
Nearest market (12.3a) 
Protein sources available (12.4a) 
Starch sources available (12.4b) 
Oils /fats available (12.4c) 
Fruit / vegetables available (12.4d) 
Food Ration System functioning (12.5) 
Date of last distribution (12.5d) 
When will rations run out (12.5e) 
Petrol / gasoline available (12.6) 
Disel / Mazot available (12.7) 
Cooking / heating available (12.8) 
Electricity available (12.9) 
Electricity hours /day (12.10) 
Overall food situation (12.11) 
Was location attacked (13.1) 
Were military forces based here (13.2) 
Was recent fighting here (13.3) 
Which forces engaged here (13.4) 
When did recent fighting occur (13.5) 
Criminal activity or HR abuses (13.6) 
Describe crime & HR problems (13.7) 
Law and order maintained (13.8) 
Who provides law and order (13.9) 
Evidence of hazardous materials (13.10) 
Details of hazardous materials (13.11) 
Suspected landmines or UXO (13.12) 
Mines/UXO affecting irrigation structures (13.12b) 
Mines/UXO affecting health facilities (13.12c) 
Mines/UXO affecting roads (13.12d) 
Mines/UXO affecting residential areas (13.12e) 
Mines/UXO affecting water access (13.12f) 
Mines/UXO affecting bridges or culverts (13.12g) 
Mines/UXO affecting cropland or orchards (13.12h) 
Mines/UXO affecting industrial areas (13.12J) 
Mines/UXO affecting markets (13.12k) 
Mines/UXO affecting pasture (13.121) 
Mines/UXO affecting cultural facilities (13.12m) 
Mines/UXO affecting schools (13.12n) 
Mines or UXO affecting other resources (13.12o) 
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187 MINOTX 
188 MININJ 
189 MINKIL 
190 ASSAVA 
191 SBFUN 
192 SBDAM 
193 SBDES 
194 PSShf 
195 SSShf 
Other area with mines or UXO (13.12p) 
Injuries by landmines or UXO since 1-Mar-03 (13.13) 
Fatalities by landmines or UXO since 1-Mar-03 (13.13) 
Assistance being provided (14.1) 
Schools Building functioning (10.1e1) 
Schools Building functioning (10.2ef1) 
Schools Building functioning (10.3e1) 
Primary Schools Shfift Number (10.1f 1) 
Secondary Schools Shfift Number (10.1g1) 
157 
Indicateurs regroupes Variables Categories 
Reparation des intrants sans 
p-codes ou coordonees 
i 
Eliminination variables avec 
<30% reponses / 
Normalisation variables de 
Oa 1 
O 
S3 
•z 
Variables pre-
guerre {reponse) 
* carte degr£ d'isolement 
decritdans le §3.1,3.1 
Variables post-
guerre 
(dependent) 
% maisons fabriquees de boue 
Somme de diffarents sources 
d'intrants economiques 
carte degree isotement* 
(O'haute vulnerabilite) 
I[(IDP,FHH,U5.CWC)/ 
count(IDP,FHH,U5,CWC)] 
I[(SANI,WASTE,SMELL,GARBG)/ 
count(SANI,WASTE.SMELL,GARBG)] 
I[(GOVFUN,FSTFUN,WHSCAP,GSLFU 
N,ERSFUN,EPYFUN),/ 
~*\ count(GOVFUN,FSTFUN.WHSCAP,GSL 
«FUN,ERSFUN,EPYFUN)] 
Z[marfun,bakefun,foodsit]+[frsftjn*0.9]/ 
max(Z[marfun.baKefun,foodsitJ+ffrsfun* 
0.9]) 
I [(univ,0.1), (ppshift*0.6);(sshift*0.3)] 
Et(staff*0,4),(infrastructure*0.4),(nulriti 
on*0.2>] 
£{(piphrs_nomT,SO)+ MARFUN+ BAKFUN+ 
MARAVA+ FRSFUN+ PETAVA+ 
iDSLAVA 
(pernographiques) 
Systerne 
sanitaire 
( Infrastructure J 
(Disponibilite "N alimentaire J 
( Education ) 
f Sante J 
( Services J 
Figure C1. Traitements des donnees du PRR. La legende du tableau C1 decrit les acronymes utilises 
dans cette figure. 
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Annexe D. Figure 3.2.7 de la publication Settlement location and population 
density estimation in rugged terrain using information derived from Landsat 
TM and SRTM data 
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Figure D1. Representation agrandie de la figure 3.2.7. 
